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{
: The results of the OAST Space Technology Workshop which was f
held at Madison College, Harrisonburg, Virginia, August 3 - ; .
B 15, 1975 are contained in the following reports: ‘):’
I EXECUTIVE SUMMARY
j VOL| DATA PROCESSING AND TRANSFER
VOL Il SENSING AND DATA ACQUISITION
VOL !l NAVIGATION, GUIDANCE, AND CONTROL
VOL IV POWER
. VOLV PROPULSION
VOL VI STRUCTURE AND DYNAMICS
VOL VIl MATERIALS =
; VOL Vil THERMAL CONTROL
§ | VOLIX ENTRY
{ VOL X BASIC RESEARCH |
S VOL XI LIFE SUPPORT
‘ Copies of these reports may be obtained by contacting: )
: : NASA - LANGLEY RESEARCH CENTER
| - ATTN: 418/CHARLES . TYNAN, JR. f
4 HAMPTON, VA, 23665
CCMMERCIAL TELEPHONE: 804/827-3666 i
- FEDERAL TELECOMMUNICATIONS SYSTEM: 928-3666 &
u |
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SUMMARY

The Sensing and Data Acquisition Working Group {ocllowed the basic guide-

lines proposed by the OAST for identifying the mission and opportunity driven

technology requirements and candidate space experiments., The major thrusts

set out by the group were as follows: (1) provide a 10-fold increase in

mission output through improved sensing accuracy, resolution, and spectral

range by 1985, (2) reduce information system cost by 1 to 2 orders of mag-

nitude through extensive integration of sensor and on~board processing

technology by 1985, and (3) provide the capability for near real time, low

cost, global surveys through multipurpose, all weather active/passive micro-

wave systems by 1990. The relevance of these thrusts was demonstrated by

identifying various payload experiments and through several examples of

payload/major thrusts relationships. The payloads were the primary product

of the workshop and were responsive to "user" inputs as well as possible

national space themes contained in the recently completed NASA study, Out-

look for Space.

as the beginning of a process to relate advancerd tschnology to potential

shuttle pay loads.
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It is suggested that the workshop results should be considered
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INTRODUCTION

This is the final report of the Sensing and Data Acquisition Working
Group assembled under the auspices of the UOAST Space Technology Workshop.
The Sensing and Data Acquisition Working Group (SDAWG) met at Madisan
College, Harrisonburg, Virginia, August 4-15, 1975,

The objective of the Workshop, as understeood by the SDAWG, can be
characterized as: (1) identification and selection of advanced technology
requirements associated with sensing and data acquisition systems, (2)
identification of advanced sensing system payloads which would benefit from
the use of shuttle in demonstrating technology readiness, and (3) review
and updating of a sensing and data acquisition technology development "road
map". The approach taken by the SDAWG was to review and consolidate inputs,
select key technology requirements, define space technology payloads, and
review and update road map. Inputs were obtained from a number of sources
such as Advanced Technology Requirements (all NASA centers), Inventory of
Sensors (JPL), Outlook for Space Report, User Requirements (NASA HDQRS),
Mission Models, and Shuttle Systems Information.

The complete report is divided into two parts. The first part (Report
I) covers the synthesis of payloads and associated advanced technology
requirements, The advanced technology rsguirements of interest to users, but
not associated with the specific payloads, are discussed in Report II. Each

report starts with introductory comments and ends with concluding remarks,

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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SECTION A:

SECTION B

SECTION C:

SECTION Ds

SECTION E:

SENSING & DATA ACQUISITIOM WORKING GROLP

REPCRT I

'SHUTTLE PAYLCADS AND RELATEL

ADVANCED TECHNOLOGY REQUIREMENTS

- INDEX -
GENERAL
A-1 - Introduction
A-2 - Major Thrust
A-3 - Outlenk for Space Theme - Payload Corrzelation
A-4 - User Reguirements - Payload Correlation

ATMCSPHERIC SENSING PAYLCADS

B-1 - Stratospheric Trace Gas Effects

B-2 - Global Aerocsols and Gases
B-3 -~ Laser Remote Sensing of the Atmosphere

B-4 - Earth Energy Budget and Solar- Irradiance Measurements
B-5 - Multiwavelength Atmospheric Transmission
EARTH RESOURCES ScNSING PAYLOADS

C-. = Coastal Zone and Land Resource Management
MICROWAVE SYSTEMS SENSING PAYLOADS

D-1 - Advanced Microwsve Radiometc~ Systems

D-2 -~ Advanced Radar/Scetterometer Systems

D=3 -~ Advanced Meteoroloc’ .el Radar

TECHNOLDOGY DEVELOPMEAT/EVALUATION PAYLOADS

E~l « Large Deployable Microwave Antennss

E=2 =~ Radar Calibretion System

E=3 =~ Submillimeter Wavelsngth Receivers
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SECTION F:

SECTION G

INDEX (cont'd.)

E~-4 -~ Earth Viewing IR Comporent Eveluation

ASTRONOMY /PLANETARY PAYLCADS

F-1 - Extreme Ultravioclet Astronomy
F-2 - Infrared Astronomy/Column Density Monitor

F-3 -~ Infrared Astronomy/Advanced Technology Radiometer

CONCLUSIONS
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SECTION A: GENERAL

A-1 INTRODUCTION

This part (Report I) of the total report covers the synthesis of payloads
and associated advanced technology requirements defimed bty the Seecin, ond Data
Acquisition Working Group of the OAST Space Technology Workshop. fre payi s
are the primary product of the workshop and are responsive to "user" inputs
(meaning the NASA program offices as users of OAST techknology), as well ns
possible national space themes contained in the recently completed NASA study,

Outlook for Spaces The advanced technology requirements of interest to the

users, but not associated with the specific payloads defined in Report I, are
discussed in Report II of the working group total report.

In defining payloads within the context of "user" inputs and the Outlock
for Space themes, it became apparent that multiple concepts of payloads were
needed. Some members of the working group saw payloads as a comporent level
evalustion. Others saw payloads as a system fevel requirement, allowing the
various components to interact. Still others saw peyloads as an advanced
system, functionally interacting with the real environment and performing

useful measurements. The working group endorsed sll three concepts of payloads

and, in doing sc, recognized th?t NASA payloads were kteing defined, requiring
a close partnership between CAST endfthe "user" program offices,

During the couvrse of the workshop, all working groups were asked to define
"major thrusts" which best described the significant gosls the discipline shauld
be driven towards. The major thrusts for the Sensing and Data Acquisition
discipline are stated in section A-3 ancd evaluated in ths Conclusions, Section G,

The working group output is by no reans an exh=t1stive treatment of the
Sensing and Date Acquisition discipline, Further expansion of the payloads is

also possible., However, the payloads selected are ccrsidered - represent an

gffective blend of ai. inced technology thruste, mcst having multi-user iipect.

N g, JYCT A o

SARNIAN

Sk P

e w? Fulre g




?
k

1.

24

3.

ﬂ-w%mwnrmﬁ'ﬂ MW”MWMFW B
T WWMN:W -ﬁm,,rfwﬂw -ww‘m’r LRI ,’,M,vmw, Yo T

e e e

PR

A~ SENSING AND DATA ACQUISITION MAJOR THRUSTS o

Provide a 10 fold increase in mission output through improved sensing

accuracy, resolution and spectral range by 1985.

——

B o

Reduce information system cost by 1 to 2 orders of magnitude through

extensive integration of sensor and onboard processing technology by 1985.

Provide the capability for near real time, low cost, global suxveys

through multipurpose, all weather active/passive microwave systems by 1990.
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Index of User Requirements:

l.

3,
4.

5.

7.

8.
9.
10.
11.
12.

13.

14,
15,

16.

17.

USER REQUIREMEM . - PAYLOAD CORRELATION

Requirement

Lasers, high powee, space qualified,
5-10 year lifetime

Sensor platforms, grc .nd-based, for
position location

Accelerometers, space qualified,
increased accuracy, gravity

Microwave measurement technology
requirement

Air temperature sensor -

Ocean surface evaporation rate
manitor

Ocean current at-depth measuring
device

Sub-ocean topography sensor
Earth gravity field measuring device

Continental location device (inter-
ferometry)

Microwave sensors calibration

Soil moisture profile measurement
devic=

CCD imager-multi-spectral Earth
observation

CCD data processor for Radar

Tornado destector-microwave

Rairfall, pzecipitation microwave
measuTement

Transmission/Absorption Atmospheric
properties monitor

Sensing and Data Acquisitinn

Payload Index
Numbex

B-3

D-1, D-2, D-3,
£-2

B-a [ D-l, D""3

B-4, D-1, D-3

£-2

D-1

C-1

D-2
D-2

D-3

B—3, E-Z
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18.

19.

20.

21.

22.

23.

24.

25,

Reguirement

Lasers/lidars-near ground pollution
Atmospheric contaminants monitor

Spectrometer/Interferometer-Atmos-
pheric pollution

Water pollution Lidar System
Cryo coolers
Low-cost aptical elements

Detectors with response matched to
molecular lines

Atmospheric/Earth probes

Payload Index
Number

B-3

B-1, B-2, B-3

B-1, B-3, C-1,
D-2, D-3

R VA
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Index of User Requirements: Sensing and Data Acquisition

8.

9.
10.
1.
12.
13.
14.
15,
16.
17.
18.
19.
20.
21.
22.

23.

Reguirement

25-29th magnuitude star observer
U. V. sensors for astronromy

1.0" x-ray imager

mass position, seperation detector
solar flux detector

mm. and submm. microwave detectors

I. R. sensors

I. R. heterodyne Spectrometer

Laser ranger, sounder, detectors

cryogenic coolers

Asteroid sampler, analyser, jn-situ

Comet gas, dust, collector

Mars surface sampler

Venus camera

Chemical analyzer, jin-situ

Age detector, in-situ

Launch vehicle system/component commonality
Geochemical analyzer, in-situ

Seismic, heat flow, chemical sensors/lunar
X-ray, x-ray spectrometer

radar altimeter, lunar

Laser altimeter

Laser ranger, esarth to moon

10

Payload Index
Number

B-4
D-1

B-S, C-1, F-3,
B-1, B-3

B-1, B-3
B-1, B-3

B-3, C-1, F-3
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Index of User Requirements: Sensing ard Data Acquisition

L g

Payload Index N
User Requirement Numbexr

Gas analyzer-cabin ——
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[

(3]
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—
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of 2. Laser radar-docking —

Manned 3. Meteroid impact detector -

;7 Space 4. Atmcspheric leak detector —

Flight 5. Rapid turn-around reuasable vehicle monitor ——
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SECTION B:s ATMOSPHERIC SENSING PAYLLADS

B~1 STRATOSPHERIC TRACE GAS EFFECTS

Application

This payload experiment addresses problems that fall under the Dutlook

for Space theme Prediction and Protection of the Environment which deals with

Stratogpheric Changes and Effects. The payload will consist of advanced

technology remote sensing systems employing limb scanning infrared radiometers,
gas correlation filters and high resonlution spectrometers. These systems will
be designed to detect and measure the vertical distribution of trace gas
constituents and vertical temperature profiles in the stratosphere. The trace
gases of primary importance in this region of the atmosphere are ozone, COp,

and those gases which interact with them, e. g., oxides of nitrogen (NO,), water
vapor, and halogen compcunds (CCl,, CH4Cl, etc.) Next in importance is a group

of pollutants such as SO0, NH3, CHy, and HNO3. Global measurements of these
trace gases and vertical temperature profiles are needed to develop a fuller
understanding of the effects of man and nature on (1) the dynamics of
stratospheric ozone layer which shields us from harmful ultraviolet radiation
and (2) the heat balance of the earth's atmosphere and its influence on world
climate. Data from this and subsequent experiments will provide the essential
input data needed to develop theoretical models of the atmosphere which will
achieve this understanding. In addition, this experiment will provide space
flignt demonstration of these advanced technology sensing systems.
Payload Description

This payload will consist of a group of advanced technology remote
sensing instruments. Each instrument will be tailored to maximize its
seraitivity to a single gas or particular group of trace gases. The most

attractive instrument concepts considered for this payload fall into two

12
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classes of limb measurements. The first of these involved limb scanning
instruments which may employ either gas or spectral filters to select and
measure the thermal radiance of trace gas emission bands in the infrared.
Once these thermal radiance data are obtained a sophisticated theoretical
model is vsed to mathematically invert the data to obtain trace gas concen-
tration and temperature profiles in the stratosphere. Instruments of this
type have been tested on balloon flights and are now under development to
measure 03, Hp0, NO,, HNO5 concentrations and temperature profiles in the
stratosphere, The second class of instruments involves a solar limb atten-
uation measurement which uses either gas or spectral filters to select and
measure the infrared or ultraviclet absorption bands of trace gas species of
interest., A gas-~filter correlation instrument of this latter class is being
analyzed for HC1l and CH4 measurements with a possible extension to "Freons"
and HF,
Jechnology Reguirements

The technology requirements for this payload include development of
infrared detectors, non-radiative type coolers (<100°K), high spectral and
selectivity elements, gas filters, systems analyses and atmospheric modeling
and ground truth sensing techniques.,
Associated Mission Meodel

This payload supports the Outlook for Space system #2022 Stratospheric
Monitoring System Development,

An improved limb viewing IR radiometer should be ready for a 1981 launch,
This advanced technology demonstration flight would be in direct support of the
Outlook for Space system #2022, "Stratospheric Monitoring Sysiem-Development',

scheduled for launch in 1985,

13
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.,

1. TECHNOLOGY REQUIREMENT (TITLE): _Improved Limb PAGE 1 OF 3 __
Viewing IR Radiometer
2. TECHNOLOGY CATEGORY: Remote Sensing of Stratospheric Gases

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Higher Radicmetric Sensitivity and
Longer Mission Lifetime Stability

Less Complex Scanning Mechanism

4. CURRENT STATE OF ART: Radiometric Sensitivity 70% required;

Radiometric Stability and Inflight Calibration Accuracy half of desired;
Lifetime 30-50% of that desired (2 yrs. desired)HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION O] TECHNOLOGY This application requires a radiometer with
narrow IFOVs (.25 to 1.0mr) capable of measuring the horizon radiance profile in

selected IR spectral intervals from 5 to 20 m simultaneously with noise equivalent
radiances (NENs) of 0.5 to 3.0x10°3 w-m=2 -ster™l, The radiometer must scan the
IFOVs across the horizon and obtain data from 4 to BO km's tangent height, as a
minimum; or may utilize detector arrays which sample the horizon profile to the req
quired vertical resnlution and spacing. The radiometric sensitivity must alse be
keyed to high measurement accuracy, e.g. 0.1% precision, 1% accuracy, and ground
equipment and procedures, sensor design, and inflight calibration techniques and
mechanisms require further development to achieve this accuracy for long duration
missions. Azimuth pointing capability is required to sample the atmosphere be-
tween orbital tracks. Geographical sampling is required at 400 to 600 km inter-
vals (both latitude and inngitude) whereas, typical orbital track separations are
2700 to 3200 km lengitudinally. Present designs for such radiometers require fur-
ther development and tests to assure achieving required performance goals. Alter-
nate design concepts for these sensors also need to be explored, i.e. "staring"
sensor using detector P/L REQUIREMENTS BASED ON: [] PRE-A,[J A,[0J B,O0 ¢/D

arra ) Teadou T . =
BERATIONZ FTmX B ANXLYSIS:agprt’:aches’for ultimate use in long term surveys.

Present systems designs for radiometers of required type are active scanners
which require detectors cooled to 65K to 80K. More stable elevation scan systemg
and improved detectivities, and long duration coolers are required.

Testing of current systems has not been sufficient to explore the long term
accuracy limitations of current designs.

Future monitoring needs for a given constituent, for photochemistry problem, can
best be met by a single sensor sampling globally and over sufficient duration
to determine variations.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
TECHNOLOGY REQUIREMENT(TITLE): _Improved Limb Viewing IR _PAGE 2 OF _;1_ﬁ
Radiometer

TECHNOLOGY OPTIONS:

S TR P PR SR S
B g T N A Jeme Ee E L AT, e

TECHNICAL PROBLEMS:

Multi-channel inflight calibration techniques which match calibration levels
to flight data ranges and having required accurac..

Higher sensitivity detectors for the 5-20 um spectr-l range.

Long-life detector coolers with reasonable weight and/or power requirements.
Improvea spectral filtering.,

Improved out-of-field energy rejection.

POTENTIAL ALTERNATIVES:

Develop multi-constituent sensors for simultaneous measurement of related
parameters using spectroscopic, interferometric, or laser approaches for
measurement in solar occultation mode.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

-

RTOP 176-10-31 has a low level of funding to support some studies relating
to improvements of existing AAFE-LACATE sensor design (ac.ive scanning,
azimuth pointing filter radiometer).

EXPECTED UNPERTURBED LEVEL __

P I A T LR

RELATED TECHNOLOGY REQUIREMENTS:

As discussed hsrein.

Improved spacecraft attitude rate measurement subsystems for correction of
data for spacec-aft motion during data taking.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,
. TECHNOLOGY REQUIREMENT (TITLE): _Improved ligh \iewing PAGE 3 OF 3
IR _Radiometer
12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR
SCHEDULE ITEM 75176177]78179]80|81|82]|83]84135]|86]87188|89{90}91
TECHNOLOGY
A. Existing Design
1. Component SRT x X
2. Improved Design ) x
3. EM development " %
3., New Design Approaches
1. Anzlysis & Tradeoffs | ] «
2. Design x | x
3. EM development x | %
APPLICATION
L. - Preliminery Stratos- % | x
pheric survey-existind
deszign
2. Flicht test new desiyr x
3. Stratospheric Survey x | x
13. USAGE SCHEDULE:
T
TECHNOLOGY NEED DATE x x TOTAL
NUMBER OF LAUNCHES R

14. REFERENCES:

15. LEVEL OF STATE OF ART
ENVIKONMENT IN THE LARORATORY,

8. L‘O‘ll’ONFNT OR BREADBOARD TESTED IN RELEVANT

1. BASIC PHENOMENA ORSERVED AND REDPORTED. 8. MODEL TESTED IN AIRCRAFT ENVIRONMENT.
2. THEORY FORMULATED TO DESCR!BE PHENOMENA, 7. MODEL TESTED IN SPACE ENVIRONMENT,
3, THRORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPANLITY DERIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL, OPERATIONAL MODEL.
4, PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
E.G., MATERIAL, CONPONENT, ETC, 10, LIFETIME EXTENSION OF AN OFERATIONAT, MODEL,
16
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT (TITLE): _Stratospheric Resgaxch PAGE 1 OF 4_

(Gases)
2. TECHNOLOGY CATEGORY: _Remote Sensing from Satellites
3. OBJECTIVE/ADVANCEMENT REQUIRED: Increased sensitivity detectors,
very high resolution instrument technigues, advanced airborne detector cooling
system technology,
1. CURRENT STATE OF ART: _Present IR detectors provide a figurs of merit
(D*) in the 109-10*1 range. Instrumentation for satellite global monitoring
is _capable of v0.l cm™* spectral resolution, HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY  \cont'de) i

The sensitivity needed to study the gases of importance in future strato-
spheric research will require a one to two order of magnitude improvement

in detector D. Also, the spectral resolution capability for an operational
monitoring instrument (in the infrfred) will need to be increased by about
one order of magnitude to 0,01 cm™. Long lifetime detector cooling systems
are required (2-3 years) with operating temperature capability in the range
30K or less. The most hopeful approach to meeting these cooling needs is
the use of a closed cycle system suckh as the Vuilleumier (VM) cooler. A
goal should be an operating power of no more than 60 watts.

P/L REQUIREMENTS BASED ON: [[] PRE-A,[J A,(0J B,00J ¢/D

6. RATIONALE AND ANALYSIS:

Present systems for remote measurement of stratospheric parameters from
satellites have been designed to measure the more obvious, less difficult
trace gases (e.g., O3, Hy0, CH,, N,0, NO,, NO, HNO3, and C0). However,
as our knowledge of the stratosphere advances, there will be a need to
measure some of the more subtle, but very important stratospheric gases,
Some of these gases which are involved in the ozone depletion problem
include Oh, HCL, HF, HB,, Ci1, C10, CF,, CL,, (Freocns), HO,, Bry, CHaBr,
CCly, and CH4Cl, Others which are important from the standpoint of
radiation balance and aerosol-ges chemistry include SO, and NHz, All of
these gases have concentrations in the parts per trillion rarge and most
of them have not been observed in the stratosphere primesrily bscause of
limitations on instrumental sensitivity and spectral resolution. It may
be nscessexy to cool not only the detectors, but also the instrument
optdcs in order to achieve the desired sensitivity. Monitorirg instruments
fo- operational use sre needed to measure long-term trends in these

&nstituents,

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

e e O —————— ——

TECHNOLOGY REQUIREMENT(TITLE): _Stratospheric Research PAGE 2 OF &4_

1.
(Gases)

7. TECHNOLOGY OPTIONS:
None.

8. TECHNICAL PROBLEMS:

It may not be feasible in the near future to construct a long lifetime
cooling system which would operate at the desired temperatures and power
levels, especially if optics must also be cooled.

9y, POTENTIAL ALTERNATIVES:

None.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:
Various programs are presently underway to measure stratospheric trace
gases both in the limb emission and occultation modes. These include the
Nimbus G SAMS and LIMS and the Atmospheric Explorer SAGE. In addition,
improved LACATE and SAMS programs are in progresse These concepts could
be extended and the efforte focused on achieving the desired technology
edvances. (cont'd.)

EXPECTED UNPERTURBED LEVEL

11. RELATED TECHNOLOGY REQUIREMENTS:

None,

18
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

F:T_i e

1. TECHNOLOGY REQUIREMENT (TITLE):

=]

L

PAGE 3 OF

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM

751761771 78179180]81[82]83}84135|86]87]88]89]90]91

TECHNOLOGY
1,

(3] = w [\
L] -

~

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)
3. Operations
4,

13. USAGE SCHEDULE:

_’{‘EC HNOLOGY NEED DATE

TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA OBSERVED AND REPORTED,
2. THEORY FORMULATED TO DESCRIBE PHENOMENA,
3. THEORY TESTED BY PHYSICAL EXPERIMENT
OR MATHEMATICAL MODEL,
4. ERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,

E.G., MATERIAL, COMPONENT, ETC,

-ﬂ..

10,

. MODEL TESTED IN SPACE ENVIROXMENT.
. NEW CAPARLITY DERIVED FROM A MUCH LESSER

COMPO*.F NT OR AREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY.
MODEL TESTED IN AIRCRAFT ENVIRONMENT.

OPERATIONAL MODEL,
RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
LIFETIME EXTENSION OF AN OI'URATIONAL MODEL.

19
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DEFINITION OF TECHN(1,)GY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT {T"TL ¥} _Strstospheric Research PAGE 40F 4_
(Gases)

s

o—

4, CURRENT STATE OF ART: (cont®:.’

. . . . : . o

ad sooling is achieved preser:: . -y use of solid cryogen technology E5°K
oueration. ReTrigerator -,: - - : ure under development but present approaches
crease he:tvy power loads.

10, PLANNED PROGRAMS OR UMPERTURBED TECHNOLOGY ADVANCEMENT: (cont'd.)

Alsc, various interferomeler and spectrometer techniques have been used from
balloons and sircruft. These approaches could be optimized for a specific
gas or set of gases in designing a monitoring instrument. In the cooler
area, various military and NASA programs are underway to advance the tech-
nology. These efforts will serve as base peints in building future tech-
nologye.

@¥PRODUCIBILITY OF L.
mm&k PAGE IS POOR
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1. TECHNOLOGY REQUIREMENT (TITLE): _Infuared Detectors for PAGE 1 OF 4__
—fRemote Senging ‘

2. TECHNOLOGY CATEGORY: Sensing and Data Acquisitiun

3. OBJECTIVE/ADVANCEMENT REQUIRED:_0Optimize detectivity, response tims
and opersting temperature,

4. CURRENT STATE OF ART: [n_ihe 1-14 wicrometers range, II-VI and IIf.V
semiconductor detectors have detectivities above 1030 cm—Hz%-wgtt""‘ but

require cooling to 809K, (See page 4.) HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

The I1I-V and II-VI semiccnductor detectors are available in photoconductive
devices or photovo'taic devices.

From 1-5 micrometers, birary compounds will
suffice. Above 5 micrumeters, the peak response as a function of wavelength

can be veried in a II-VI ternary compound (for example, Hg, Cdl—x Te and Pb,
Sny.x Te) by changing the ratins of the group 11 constituents,

A pyroelectric detector consists of a slab of pyroelectric material h-ving
two opposite face areas coated with conductive layers to form a capacitor,
A change in temperature generates a siqjnal current proportional to the pvro~
electric coefficient, To optimize the signal, a material shou’.d possess a
low heat capacity, low dielectric constant, and lacge pyroelectric coeffi-
cient, Since the signal current is proportional to the rate~of-change of the

temperature, this detector is more attzictive than other types of uncooled
thermal detectors for higher frequeicy applications,

P/L REQUIREMENTS BASED ON: [J PRE-4,[] A,iJ B,[J ¢/D

6. RATIONALE AND ANALYSIS:

These devices are usad for remote sensing in marth resources missions,
environmental pollution monitoring, and thexmal mapping.

.
TO BE CARRIBV . D TO LEVEIL____‘
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ﬂ: DEFINITION OF TECHNOLOGY REQUIREMENT NO,
1. TECHNOLOGY REQUIREMENT(TITLE): Infrared Detectors for PAGE 2 OF 4.

—Bemate Sapnsing

7. TECHNOLOGY OPTIONS:

The detectivity of the II-VI ternary compounds can be increased to the point
where it is practical to operate these devices at higher temperatures than
80 K. The det=ctivity of the ryroelectric can be increased to V10 0 cm-Hg%-
watt—1l.

8. TECHNICAL PROBLEMS:

1.

2.
3.

4.

Control of homogeneity in III-V and II-VI materials restricts array con-

struction.

Poor reproducibility of detector parameters in III-V and II-VI materials.
Relatively low operating temperature (v80%K) in the II-VI ternary mater-
ials. -

Relatively low detectivity in pyroelectric detectors. (cont.on page 4)

POTENTIAL ALTERNATIVES:

If temperatures on the order of 359K can be achieved for the desired mission,
it is suggested that doped silicon detectors be employed because of their
higher detectivity in the wavelength range greater than 5 micrometers. In
addition, the detector preamplifier can be directly incorporated with the
device.

3

10,

PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCFMENT:

RTOP #506-18-21, "Electronic Devices and Comporents," contains elements
bearing on this technology, such as an indium antimonide CCD sensor and
pyroelectric detector materials investigations.

EXPECTED UNPERTURBED LEVEL _8

11.

RELATED TECHNOLOGY REQUIREMENTS:

Advancement in preamplifier performance technology; improved material growt.
technolngy; small volume, low power cocling systems.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

Remote Sensing

1. TCCHNOLOGY REQUIREMENT (TITLE): Infrared Detactors for. PAGE 3OF _4_

m—

12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75]76]77178]79]80181

82]83]84|35]86]87]88]89]90]91

TECHNOLOGY

PYROELECTRIC DETECTORS:

1. Elec. Compcnent Des.

2. Comporent Development

3. Arrsy or CCJ Hybrid
Fabrication

4. Space Checkout

III-V &I1-VI COMPOUND3
DETECTORS:

l., Materials Growth '
2. Detector Fabrication
3. Analysis

4. Ground Checkout

5. Space Checkout

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

-
TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

IEEE, 63, No. 1 (1975).

1. "Infrared Technology for Remote Sensing," Special Issue, Proceedings of the

€ .
15. LEVEL OF STATE OF ART 8. COMPONENT OR BREADBOARD TLSTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

1. BASIC PHENOMENA ONSERVED AND REPORTED., 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT,

2. THEORY FORMULATED TO DESCRIBE PIIENOMENA, 7. MODEL TESTED IN SPACE ENVIRONMENT.

3, THEORY TESTED BY PHYSICAL EXPERIMENT 0. NEW CAPAIALITY DERIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL,, OPERATIONAL MODEL.,

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
E.0., MATERIAL, COMPONENT, ETC, 10. LIFETIME EXTENSION OF AN OFERATIONAL MODEL,

23
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE): _Infrared Detectors for
Remote Sensing

PAGE 40F_4

4. CURRENT STATE OF ART: (cont’d.)

Over the wavelength range 1-20 micrometers, pyroelectric detectors have a

relatively low detectivity (D*s5 x 10° cm-lig’i -watt']) but require little
or no cooling.

8. TECHNICAL PROBLEMS: (cont'd.)

5. Relatively long response ti'mes in pyroelectric detectors which
restricts their practical operating frequency. .

6. Pyroelectric detectors highly sensitive to vibrations.

24
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE): Llira-Narrow Band Filter PAGE *: OF _3
2. TECHNOLOGY CATEGORY: _Sensing and Data Acquisition z
3. OBJECTIVE/ADVANCEMENT REQUIRED: Design and develop infrared_handpass

filters of the Fabrv Perot Interference tvpe to advance the capagbilitv of IR
—spectroradiometers for the defection and measurement of line strenaths in
1. PURRERT SR%TEOF ART: Visinle filters have heen carcied to level 6 1

‘E I E I . D . I E ] IB E ]I . II J‘ I . ‘ :

phase HAS BEEN CARRIED TO LEVEL , !

———r

5. DESCRIPTION OF TECHNOLOGY

Ultra-narrow band filter reguirements for atmospheric absorption expcriments:

Bt VRN

Wavelength range: 5y to 20y (2000 cw’l to 500 cm~ 3 N ;
FulL width, half max. range: 3 X 107 to 1 X 10774 (0.12 em™ tp. 0.024 R
- ) 5;

$

Transmission: 0.50 :
Optical ray cone angle: 2° f

?

Operating temp: 809K :
By tilting the filter, limited wavelength tuning can be accomplished to scan i

1 tral li i ¥

several spectral Hips: i UteMERFS BX8ED oN: O PRE-A,00 4,00 B,00 /D
6. RATIONALE AND ANALYSIS: ;
l. Filters to be incorporated into a differentiul absorption spectroradio- E
meter to measure atmospheric gas composition and pollutants. :

2. Global coverage of the Earth environment from air-Sat or Shuttle. .%

" 3, Provides greater spectral specificity and detection capability over f

present broadband filters used in LRIR or proposed LACATE sensors.

TO BE CARRIED TO.LEVEL __

25
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k;* DEFINITION OF TECENOLOGY REQUIREMENT NO.
——— —— 3==q
1. TECHNOLOGY REQUIREMENT(1ITLE): PAGE 2 OF _3
7. TECHNOLOGY OPTIONS:
IR Laser tuning techniques may accomplish same measurements in differential
absorption spectrometry.
8. TECHNICAL PROBLEMS:
IR Material selections, design for specific wavelength filters, wavelasngth
shifts with filter temperature change, integration of filter and detector into
compatible sensing subsystem,
Y, POTENTIAL ALTERNATIVES:

Useful as a blocking filter in laser tuning differential absorption spectromet
Ty

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

None

EXPECTED UNPERTURBED LEVEL __

11.

RELATED TECHNOLOGY REQUIREMENTS:

Requires use with large diameter collecting optics (1 meter) and cooled
detector filter subsystem.

REPRADUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

h’_T_

1. TECHNOLOGY REQUIREMENT (TITLE): PAGE 30OF 3_
12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR
SCHEDULE ITEM 75]176 7778179180181 ]82]83}84]35 8(187 88189190191

TECHNOLOGY

1. Analyses _

. Design

2 g +

3. Fabrication 1

4, Ground Task

—+

5. Space Checkout
APPLICATION

1. Design (Ph. C)

2, Devl/Fab (Ph. D)

3. Operations

4,

i
13. USAGE SCHEDULE:

TECHNOLOGY NLED DATE

T
TOTAL

NUMBER OF LAUNCHES

15,

0 e

14. REFERENCES:

Ultra-narrow band interference filter - AAFE Proposal Summer 1975

LEVEL OF STATE OF ART

BASIC PHENOMENA ORSERVED AND REDPORTED,
« THEORY FORMULATED TO DESCR!BE, PHENOMENA,
THEORY TESTED BY PHYSICAL EXPERIMENT

OR MATHEMATICAL MODEL,

E.G., MATERIAL, COMPOMNENT, ETC,

PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,

COMPONENT OR RREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY.

MODEL TESTED IN AIRCMFT ENVIRONMFENT,

MODEL TESTED IN SPACE ENVIRONMENT.

NEW CAPAILITY DERIVED FROM A MUCH LESSER
OPERATIONAL MODEL.,

RELIABILITY UPGRADING OF AN OPERATIONAL MODEL.

. LIFETIME EXTENSION OF AN OFLRATIONAT. MODEL,

27
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE): _Improved Technology PAGE 1 OF _3_
and Materials for Interference Filtexse and Anti-Reflection Costings

2. TECHNOLOGY CATEGORY: Remote Sensing of Stratospheric Gases

3. OBJECTIVE/ADVANCEMENT REQUIRED:M.MMEI&W.M‘ rence

coatings for IR opticel elemente in the 1-20 ym spectral range, Must withstand

prolonded operation at Cxvogenic temperatures andﬂg; in proximity with

important trace constituents (HC1, S02, etc.)
4. CURRENT STATE OF ART: Multi-laver anti-reflection MLAR) or filter coat-

ings exist, but have not been space qualified for operation in gas filters oxr at
suitable cryogenic tempgratures for required 1; e HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

Multi-layer AR and Filter Coatings have been used for several years in IR
sensor systems, The system spectral response (particularly out-of-band) in
operation has often not been that predicted based on the design and
individual component measurements. The systems to-date have usually not
been adequately evaluated after prolonged exposuce to cryogenic temperatures
or space and the long-term stability under such conditions. Nor have such
coatings been used in proximity with gaseous constituents unless they were
known to be inert. Present IR coating materials must be evaluated under
realistic use conditions for stability over duratiocns of six months to

three years.

P/L REQUIREMENTS BASED ON: [J PRE-A,[0 A, 8,00 ¢/D

6. RATIONALE AND ANALYSIS:

Multi-layer anti-reflectance coatings are needed in all electro-optical
Sensors.

Background blocking filters are required in all narrow-band electro-
optical sensors.

Trace constituent measurements will require maximum sensitivity achievable
and therefore require coatings used at cryogenic temperatures (30K to 150K),

Trace constituent measurements will require maximum spectral discrimination
thus requiring coating of elements in proximity with "active" gases.

TO BE CARRIED TO LEVEL&
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

——

1. TECHNOLOGY REQUIREMENT(TITLE): Improved Technology and PAGE 2 OF 4

Materials for Interference Filters and Anti-Reflection Coatings
7. TECHNOLOGY OPTIONS:

Operate at less than optimum sensitivity without blocking filters to re {uce
background.

Operate at less than optimum sensitivity without MLAR to increase throughput.

8. TECHNICAL PROBLEMS:

Expected chemical/thermal reactions which destroy or change characteristics
of "tuned" coatings in use. Development of new coating materials/techniques
to improve performance. Spectral performance in "fast" (F/1) optical systems.

Y. POTENTIAL ALTERNATIVES:

Operate at less than optimum sensitivity without blocking filters to reduce
background.

Operate at less than optimum sensitivity without MLAR to increase throughtput.

F B A R e ped e

B At T

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Limited experiments with available coatings to be performed under low
priority/funding SRT activities for short ‘term use and limited consituents.

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE): _Improved Technology PAGE 3 OF _3

=

and Materials for Interference Filters and Anti-Reflectign Coatings

12, TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM

76

77

78

79

80]181]|82)83}84]35|86]87}88]89/90]91

TECHNOLOGY
1, Materials Evaluation

2. New Materials Devel-
opment

4.

5.

APPLICATION
1. Design (Ph. C)

2, Devl/Fab (Ph. D)
3. Operations

4.

&

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

1
TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:;

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA ORSERVED AND REPORTED,

2. THEORY FORMULATED TO DESCRIBE PHENOMENA.
3, THEORY TESTED BY PHYSICAL EXPERIMENT

OR MATIEMATICAL MODEL.,

¢ PERTINENT FUNCT(ON OR CHARACTERISTIC DEMONSTRATED, % RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,

E,G., MATERIAL, COMPLNENT, ETC,

8. COMPONFNT QR AREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

8, MODEL TESTED IN AIRCRAFT ENVIRONMENT.

7. MODEL TESTED IN SPACE ENVIRONMENT,

8, NEW CAPAMILITY DERIVED FROM A MUCH LESSER
OPERATIONAL MODEL.

10. LIFETIME EXTENSION OF AN OFLRATIONAL MODEL,
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B-2 GLOBAL AEROSOLS AND GASES EXPERIMENT

Application

The study and analysis of the effect of particulates in the atmosphere
has led to serious consideration of their long range effects on the global
radiation heat budget and the corresponding impact on global circulation and
climate. The particulates are of natural origin (such as dust storms, forest
fires, volcanic eruptions, water droplets, micro-meteorites) or are man-made
polliutants (such as produced by automobile qxhausts, industrial smoke, weste
burning, etc.). Trese particulates, which are injected into the atmo;phere
by upwelling air currents, velcanic eruptions, and normzl atmospheric chtem-
istry (ges-tc-particle generation) or by the micro-meteorites trapped in the
atmosphere, have a marked effect on the amount of radiation not only reaching
the ground, but the amount of heating in the atmosphere caused by fheir
absorption of radiation, As man makaes more and more of an impact on his
environment cdue to the rapidly developing technology, it becomes increasingly
imperative to study the background level of these particles to monitor how
man is changing or affecting the balance in the atmosphere, and what effects
these aerosols will have orn such things as climate, solar radiatior dosage,
men's health, food production, etc.

Pavload Description

The measurement of asrosols should include their physical and chemicel
characteristics and their spatial (particularly vertical) distxibution.
Corsideration should alsn be given to transport mschanisms on 2 glotal basis,
The measurement must be appioeched with various experimentel and analyticel-
techniques in order %o obtain a more complets pic&ure of what is cccuring in
the atmosphere. Several techniques are proposed as a Shuttle peyload. All

techniquss are pessive, but would bs complemented by the active laser systems

5
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discussed elsewh:re within this report.

The passive probing systems considered here are based on the measurement
of attenuation of direct solar radiation (the "attenuation" system), of the
angular distribution of the intensity (the limb-scattering system) or the
polarization (the polarimetry system) of solar radiation scattered by the
atmosphere.

Camera photography and photoelectric detectors are the prescribed
recording devices in this connection.

The rationale for considering these systems for a Shuttle payload is
described below.

1. ATTENUATION SYSTEM
Payload Dsscription

A system is desired which will monitor the extinction of sunlight as a
function of solar elevation to measure the aerosol burden in the atmosphere.
This system would operate in the attenuation mode at spacecrafi sunrise and
sunset to obtain vertical profiles of stratospheric aeroscls and by use of
multi-wavelength coverage (5 to 6 charnnels in the 9.38Um to 2.0 ym range)
obtain information to characterize their size distribution. The use of
infrared detectors in a photometer of this type could also be made to sense
gasecus constituents in the upper atmosphere over the long path integration
afforded by occultation. Measurements of HZD' CH4, 03 and others in absorption
could then be made., Studies would then proceed related to gas-to-particle
conversion in the atmosphere involving gases such as HNO3, H3504 and 03. The
need for development of pyroelectric detectors and pin silicon photodiode
retsctors whoas response is unaffectied by temperature changes is manifest.
This measurement technique is limited in its coverage because of the sunrise-

sunset mode of opsration, however.
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Required Technology

The development and construction of the pin silicon photodiodes that can
operate at 1.0 ym without large sensitivity changes with temperature is
required, Presently, the silico. photodiode responsivity is very temperature
sensitive at 1 um - about 0,5% per 0°c. This cnange would appear, for excnple,
as @ single change with solar heating. One solution is to extend the peak
spectral sensitivity toward 1 ym. This, however, may force a more undesirable
mode, i.e., reverse bias., These diodes are needed in remote sensing of aerosols
aince lym is an atmospheric "window" region with no interfering gaseous
absorption,.

The tech-clogy schedule for analysis and design is 7/75 to 7/76 and for

breadbtoard and test 1/76 to 3/77. The payload should be ready by 1980.

2. POLARIMETRY SYSTEM

Pavigad Description

A third system is desired which will provide information on the spatial
and physical characteristics of aerosols by measuring the spectral and
polarization characteristics of upwelling radiat.ion from the atmosphere in
the visible and near infrared wavelength regior.. The degree of polarization
increases with increasing scattering angle, being nil at zero degrees, from
the sun, The instrument proposed for development should have no moving parts
for mechanical simplicity and greater accuracy. Analysis of polarization
information of upw- lling radiation will permit modeling of the tropospheric
aerosols, thereby permitting inputs to the global circulation of the polarimeter
which is extremely valuable and could be incorporated into the instrument,
would be to scan the aureole (the ragion from the sun's limb to about 20°)
with the polarimetsr, Ore of the parameters of the aerosols that the

polarization measurement technique has shown potential for measuring with
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greater sensitivity is the imaginary part of the refractive index of aerosols.
An analysis of the polarizaticon veriation in the forward scattering of the
aurecle would allow characterization of aerosols in the stratosphere that would
complement the upwelling measurement made over the same area by the polarimeter.
A field of view change, instrument gimbaling, and a neutral density filter to
reduce the Intensity of the direct solar radiation, would be required for this
measurement to be accommodated. This system would also permit attenuation
measurements as described in Section 2. (Attenuation System)

One of the advantages of the pol arimeter system is that it can centinuously
monitor the atmosphere unlike in the attenuation system, where the sunset/sun-
rise positions are a necessity.

Reguired Technology

The development of a no moving part space qualified polarimeter that can
operate through narrow spectral bands within the spectral region from approx-
imately 0.35um to 1.0um needs to be developed.

A Faraday technique has been breadboarded within industry and looks
promising. The wavelength sensitivity throughout the visible is a technical
problem to be considered.

The inversion of the polarization data tu obtain the asrosol characteristics
still needs more sffort. This theoretical aspect of the problem should be given
as much weight, if not more, as the technological aspect.

The technology schedule is as follows: [est breadboard (1/76 to 1/77),
lab and field measuxrements (6/76 to 6/77), redesign and fabrication (1/77 to
6/78). The theoretical simulation and inversion aspects of ths measurament

ran be completed within 1% years (by 1/77).
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3. LIMB SCATTERING SYSTEM
Pavload Description

Another valuable technique that can be used from the Shu. .Jle is that of
limb scattering measurements using a multi-channel photometer. These
measurerents would allow determination of stratospheric aerosol characteristics
and csrtain gases (03, (), and molecular oxygen) by looking at scattered solar
radiation from the earth'!s limb. The coverage afforded by such a measurement
is extended considerably but the analytical process for data inversion is not
quite in hand presently. Much work still needs to be done on the theoretical
side. Efforts are underway to bring the analysis to be beuter understood.

A photometer covering 5 to 6 channels in the visible ard near infrared which
could scan the earth's limb in various azimuth angles would be required for
this measurement.

One of the major advantages of such an instrument is that it lesnds itself
to continuous monitoring of the earth's atmosphere since the sunset/sunrise
positions are not needed as is the requirement with the attanuatio? techniqueé.
Thus, an importan& aspect of this system is its possible applircation fnfj
systematic soatial and temporal determinations of the eerosocl properties on

a glubal scale. The dynamic and temporal variatione of thes aerosol properties

have not been monitorad previously on a global basis. It ehould yieid infor- -

mation about the important dynasmic quantities, such as local residence time,

creation, and destruction processes, ozone den-zity changes and high/&ltituda )

cliouds,.

Recuired Teghnology

The technology requirenment ia the development and the .cnstruction of & -
scanning mul*i=-wavelength photometer, which is space qualified, ,
At the sume time, work on an increased pacé on the'theoggtical<inversion

algoxithms reeded to extract useful information from the intensity data should
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be given high priority. The solution of this difficult problem, often referred

to as the inverse multiple scattering problem, is attracting in recent years
considerable attention among world atmospheric scientists.

4. PHOTOGRAPHIC SYSTEM AND SUN SHAPE EXPERIMENT

Payload Dcseription

A photographic film is one of the most compact devices for storing

infcrmation, and highly sopbhisticated small format (70mm or 35mm) photographic

equipment, excellent for scientific, with the added convenience aof portability,

are now the state of the art items. Not only does camera photography record
a visual scene, but it records the full field of view simultaneou.ly: an
advantage no scanning photcelectric device can provide.

The multi-angle, narrow wavelength-bandwidth photography can be carried
out in the sunset/sunrise mode or the limb scattering measurement mode o< the
polarization measurement mode. In the sunset/sunrise mode, the measurement
of the direct solar radiation and the scattering intensity and polarization
of the radiation by the atmosphere within the aureole surrounding the s:'~'s
disk can be simultaneously carried out. Thus, the relatively inexpensive
photography cannot only measure the extinction, scattered intensity and
polarization of solar radiation by aerosols (and gases), from which aerosol
characteristics can be determined, but also measure the shape of the sun's
disk, from which information about the altitude variation of the atmospheric
refractive index can be obtained. Limb pictures before sunrise or after sun-

set will also be valuable in these analyses.

- Required Technology

The required technology is the development of a lightweight portable,
external occultation neutral density filter mechanism, which will permit

photography of the sun and its aureole through narrow spectral bands (and

ODUCIBILITY OF THE
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polarizers when used), and at the same‘time remove or reduce the problems
of flare and stray light to an insignificant level.

There is also a need to develop or improve techniques in which the 6-
order dynamic range EGRG film or the AGFA contour films can be used.

The basic technology requirements can be completed by 12/77 (2% years).

The synergism afforded by conducting several of these experiments in
consonance can be seen from the fact that several are sensitive to the total
burden of aerosols in the =tmosphere while others are sensitive to upper
atmospheric inputs primarily. Other effects such as comparison of
measurements by different modes over the same geographical region or by the
same basic measurement by several different techniques also act to reinforce
one aother,

The broadband gaseocus measurement alluded to in (1) can act as a
complementary and supplementary measurement to a limb scanning instiument
(narrow-band infrared) for substantiating the quantitive inference of
trace constituents in the upper atmosphere,

Measurements of limb scattering and occultation can be compared for
agreement since both will produce vertical distribution of aerosols in the
upper atmosphere.

Tropospherir measurements by lidar and nolarimetry can be compared for
the proper interﬁretation and calibration of data.

The proposed Shuttle payioad supports the Outlook for Space themes:
Prediction end Protection of the Environment and the Protection of Life and

Property, and especially the objectives dealing with climate (0FS-023),

Tropospheric Pcllutants (0FS-032), Large Scale Weather (OFS-021), Stratospheric

Changes and Effec.s (OFS-024),

37
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The payload supports the following 1973 mission model payloadss
1. EO0-3, The Earth Observatory Satellite (18 launches, 1978-91)
2. EO0-4, The Synchronous Earth Observation Satellite (8 launches, 1981-91)

3. t0-5, Special Purpose Satellite (18 launches, 1977-91)
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
| ——¢
1. TECHNOLOGY REQUIREMENT (TITLE): _No Moving Pert PAGE 1 OF 3_
Pclarimeter
2. TECHNOLOGY CATEGORY: __ Sencing and Data Acquisition

3. OBJECTIVE/ADVANCEMENT REQUIRED:;__To develop a space qualified na

——moving part polarimeter to measure the spectral and polarization char—
acteristics of upwelling radiation.

4. CURRENT STATE OF ART: _Moving pari systems have been developed for
helicopter and sircraft use.

HAS BEEN CARRIED TO LEVEL __

(5]

DESCRIPTION OF TECHNOLOGY

The system must be capable of measuring from a spacecraft the spectral and
polarization ckeracteristics of upwelling radiation with no moving parts.
A Faraday technique has been breadhoarded bty TRW and luoks promising.

No system is available presently. The spectral inte::val would be from
approximately 0.35 to 1.0y m.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,[0 B,00 ¢c/D

6. RATIONALE AND ANALYSIS:;
This system would bte used to characterize tropospheric aerosols.
This technology advancement should be carried to an experimental demon-

stration on an early Shuttle flight. Simulation of the measurement
would be impossible from other platforms.

TO BE CARRIED TO LEVEL —

3




DEFINITION OF TECHNOLOGY REQUIREMENT NO.

s ———

ﬁ. TECHNOLOGY REQUIREMENT(TITLE): __NMP Polarimeter PAGE 2 OF 3_

=

7. TECHNCLOGY OPTIONS:

Moving part polarimeters could be developed for space applications, but
the nc moving puart syster would be much more attractive.

8. TECHNICAL PROBLEMS:

A sensitivity throughout visible.

Y. POTENTIAL ALTERNATIVES:

None,

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

AAFE supported early development of moving part system.

RTOP # 160-44-71 supported helicopter measurement program.

No FY 76 funding is available.

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

Nane,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

— ==

1. TECHNOLOGY REQUIREMENT (TITLE):__NMP Polarimeter PAGE 3OF _3_

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75]76]77]78]79]80181}82]83]84[35}86]87]88}89]90}91

TECHNOLOGY
1, Test TRW Breadboard

. Lab & Field Meas.

Redesign

2
3
4. Fabrication
5

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)
3. Operations
4,

13. USAGE SCHEDULE:

T
TECHNOLOGY NEED DATE TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

1. "Levelopment of An Experiment for Visible Radiation Polarization
Measurements from a Satellite," by Z. Sekera and R. E. Bradbury,
NASA Contractor Report, NASA CR-2297, November 1973.

2. "Measurement and Analysis Program Using Visible Radiation Polarization
Data Obtained from a Helicopter Borne Polarimeter," by K. R. Jenkin
et al., TRW, uncer contract NAS1-12298, 1974.

15. LEVEL OF STATE OF ART 8. COMPONENT OR BREADBOARD TESTED IN RELEVANT

T . ENVIRONMENT IN THE LARORATORY,
1. BASIC P.HI'.X\O.‘\H.NA ORSERVED AND REPORTED., MODEL TESTED IN AIRCRAFT ENVIRONMENT,
;. ;:::8::\ FORMULATED TO DESCR!BF. PHENOMENA, MODEL TESTED IN SPACE ENVIRONMENT,
. ORY TESTED BY PHYSICAL EXPERIMENT EW CAPARL DERIVED FRO) 3
OR MATHEMATICAL MODEL, N oPER M pL oA Mact LESER

) e OPERATIONAL MODEL.,
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 1 B

- -3
o o &

E.C.. MA . ' RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
+G., MATERIAL, COMPONENT, ETC, 10. LIFETIME EXTENSION OF AN OI'CRATIONAL MODEL,

41
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

e
PAGE 1 OF _3_

1. TECHNOLOGY REQUIREMENT (TITLE): Red Extended Pin

Silicon Photodiodes

2. TECHNOLOGY CATEGORY: _Sensing and Data Acquisition

3. OBJECTIVE/ADVANCEMENT REQUIRED:___To develop pin silicon photodiodes

that cap opergte at 1,0 um without large sensitivity changes with temperature.

4. CURRENT STATE OF ART: _Presently silicon photodiode responsivity is very

temperature sensitive at 1 um.

HAS BEEN CARRIED TO LEVEL __

5. DESCRIPT{ON OF TECHNOLOGY

Silicon photodiodes temperature sensitivity at 1l pm is large - 0.5% per °C,
This change would appear, for example, as a signal change with solar heating.
One solution is to extend the peak spectral sensitivity toward 1 pre  This,
however, may force a more undesirable mode, i.e., reverse plan.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A, B,[0J ¢/D

6. RATIONALF AND ANALYSIS:

(a) These diodes are needed in remote sensing of aerosols since 1lym is an
atmospheric "window" regiun with no interfering gaseous absorption.

(b) Could be used on SAM II/Nimbus-G, SAGE/AEM B, and future Shuttle
missions,

TO BE CARRIED TO LEVEL __

42
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l? DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT(TITLE): __ Silicon Photodiode...  PAGE 2 OF 4

7. TECHNOLOGY OPTIONS:

(a) Germanium might be applicable.

(b) Active temperature control.

8. TECHNICAL PROBLEMS:

Coanstruction of such diodes.

Y. POTENTIAL ALTERNATIVES:

None.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP # 642-12-13 is developing the SAM II/Nimbus-G haruware.

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

Nore.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

e tem———

——

1. TECHNOLOGY REQUIREMENT (TITLE): Silicon Photodiode... PAGE 3 OF

__________x_—__*.__:#

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75176177178 79{80{81]82{83]84{35]|86}87]88]89{90]91

TECHNOLOGY
1.Analysis % Design

2. Breadboard & Test

APPLICATION
1. Design (Ph, C)

2. Devl/Fab (Ph. D)

3. Operations
4,

13. USAGE SCHEDULE:

T
TECHNOLOGY NEED DATE TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

15. LEVEL OF STATE OF ART 8. COMPONENT OR AREADBOARD TESTED IN RELEVANT
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ENVIRONMENT IN THE LARORATORY,
1. BASIC PHENOMENA ORSERVED AND REFORTED. 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT.
%, THEORY FORMULATED TO DESCRIBE PIENOMENA. 7, MODEL TESTED IN SPACE ENVIRONMENT.
3. THEORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPARLITY DERIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL, OPERATIONAL MODEL.
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL.
E.G., MATEKIAL, COMPONENT, ETC, R 10. LIFETIMK EXTENSION OF AN OFLRATIONAL MODEL,
44
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P-3 LASER REMOTE 3ENSING OF THE ATMOSPHERE

Applicguion

The application of laser remote sensing is to the detection of constituents
and pollutants in the sarth's atmosphere from 80 kilometexs to the ground and to
the effects that result from their proliferation. One of the effects concerns
potential changes in climate, whereby changes of only 1°C may have far ranging
economic influence due to changes in crop production, etc. Another effect con-
cerns the photo-chemical reduction in stratospheric ozone causing increased UV
radigtion from spgce with possible danger to life and material. The effects of
gaseous allu nt_and aerosol incxe near the ground may also have serious
effects on life and material,
Payload Description

The sensor systems consist of (1) A passive IR tunable laser heterndyne
spectrometexr in the 3 uym to 12 um range for measuring vertical distribution nof
pollutants/constituents in the upper troposphere and stratosphere using solar
raciation, up-welling thermal radiation of the earth and the atmosphere and
radiation emitted by the earth's limb., (2) An active IR tunable laser
differential absorption spectrometer system in which the radiation from a
tunable high pressurs/high energy gas laser is transmitted vertically down-
ward to the earth's surtace, and is reflected upward by the earth's surface
to the heterodyne receiver on the Shuttle. The distribution of pollutants
in the troposphere to the ground, can be determined from variation nf zonses.
{3) Differential sbsorption LIDAR for measuring the vertical distribution
of gaseous conztituents and pollutants through laser ranging, using back=
scettering from aerosol and molecules, This systsm has the potential of
simplicity. Since optimization of scattering requires operation in tha uv,

visible and near IR, the technique is restricted *o pollutants with
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sufficienily strong absorption lines in this spectral range; it alsc deperds
on further development of lasers with sufficient power and efficiency in the
UV, visible and near IR. Thus, this sensor system may be applicable to more
advanced payloads than (1) and (2). The lasers developed for this technique
also are needed in other payloads for sensing aerosols, clsud heights and
thickness sensor system. (4) A passive IR tunable laser hetercdyne spectro-
meter in the 15 um range for improved measurement of atmospheric temperature
profiles through measurement of COp profiles (CO2 has a constant mixing ratio).
(This input was made by L. Korb from GSFC).

Systems (1) and (2) will be used to measure 05, Hy0, CO,, NH5, CH,, NO,
NOz, Freons, and C10. Extensive computer modelling of these remote sersing
techniques have been performed to corrokorate their feasibility from tne
Shuttle. The advantages of the technique are high specificity in the presence
of interferent gases, high detection sensitivity, fast observation times, and
in the active laser mode, (2), the important capability of sensing near the
ground Technology readiness for (1) and {2) cen be demonstrated from the
Shuttle for key pollutants in FYBl. The remaining pollutants will be inves-
tigated throuyh FY83. For sensor system (3) the requiced laser development
in the UV, visible and near IR should delay a Shuttle demonstration to the
period after FYBS5.
Jechna’ogy Feguiremsnts

The high specificity and sensitivity of heterodyning is obtained by
beating ths radiation from passive (naturel) or active (laser) sources with
that from a tunable laser local oscillator or & square law detector thereby
transforming the spactral informaticn from the infrared to the microwave
réhge,‘whara small spectral bandwidth and removal of noise sources if obtained.

The technology requirements for receivar in systems (1), (2), and (4) concern

SEPRODUCIBILITY OF THE
ORIGINAL PAGE I8 POOR
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improvements in operation of solid state tunable diode lasers used as local
oscillators. For pollution measurements, the IR range from 3 to 12 um is of
major interest and for temperature measuremerts, the CO, band an the 15 um
range Diode lasers have the required tuning range, but further development

is needed for stable single mode operation at powers lmW on a routine basis,
Recently, Diode lasers have been operated at liquid nitrogen temperatures (in
contrast to previous liquid helium cperation), but this operation needs to be
established or a routine basis. The advantage is consicderable power reduction
for the closed cycle cooler, making the Diode laser potentially useful for
satellite--as well as Shuttle cperation.

The technology requirements for sensor system (2) concern furtner develop-
ment of tunable high pressuce/high energy gas lasers with tuning-across pressure
broadened laser lines, The deficiency of these lasers and the powers required
are compatible with certain Shuttie missions (and potentially for satellite
missions). Stability and spectral resolution of tuning needs to be further
improvad and techniques for simultaneous operation on several laser lines re-
quires more irvestigation., Operation on several laser lines is necessary for
the differential absorption technique where laser lines "on" and "off" atmos-
pheric absorptior lines are needed; simultaneocus operation of pulses on
different laser lines insures the same footprint of the reflected laser radi-
ation on the g.ound, thus avolding statistical problems in return signal
interpretations. Frequency conversion techniques need to be further developed
to extend tha tuning range of gas lasers (202, Co, DF, HCl, HF).

The technology requirement for sensor system (3) concerns development of
high smergy lasers with high efficiency in the UV, visible and near IR, In the
near IR, for isolated cases, some of the gas lasers in sensor system (2) =2y be

directly used (e. g. HCl or DF lasers for remote sensing of HCl), but in general,

47
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improved conversion techniques into the near IR are needed. For the UV, the
development of efficient frequency doubled tunable dye lasers is required. The
conversion efficiency from optical pumps, lasers, or flashlamps, to dye laser
radiation is comparatively high, but the efficiency of these optical pumps
needs to be increased and other optical pumping sources developed,

The development of efficient Nd¢ YAG lasers which are space qualified

is necessary for seroscl and clouc studies.

Associated Mission Model

This payload is intended to be used on the Shuttle ATL rayload which is

scheduled to be lasunched in 1981,
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DEFINIT'ON OF TECHNOLOGY REQUIREMENT NO,

e g —

1. TECHNOLOGY REQUIREMENT (TITLE): _Tunable Laser PAGE 1 OF _4_
Heterodyne Spectrometer (TLHS)

2. TECHNOLOGY CATEGORY: _Sensing, Data Acquisition

3. OBJECTIVE/ADVANCEMENT REQUIRED:Jo develeop tunable lasers for use as
local oscillator in a TLHS for remote sensing of vertica. distribution of consti-

tuent and pollutant gases with higher specificity and se.sitivity than availables
with other sensors

1. CURRENT STATE oF ART: JThe TLHS, as other passive devices, utilizes nat-
ural radiation sources for remote sensing of the atmosphere such as solar radia-

tion absorbed by the atmosph.re (See p. 4). HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

Tunable diode lasers can be tailcred to emit in the desired wavelergth region
by adjusting the chemical composition cf ternary semi-conductor compounds.
Most of the tunable diode laser studies3,4 arve performed with the lead rhal-
cogenides Pb,  Sn (6.5 to 34yum), PbS,  Se {4 to 8.5yum), and the recently

4

used Pbl—dexS (2.5 to 4 ym). The diode laser can be tuned by varying the

diode temperature (genmerally thrcugh the current), varying an anplied magnetic
field or external pressure. The hig' pressure gas laser and the optical para-

metric oscillator technologies are described in tecl..ology requirement on lasers
for remote sensing.

P/L REQUIREMENTS BASED ON: [J "RE-A,[J A,[0J B,[J ¢/D

6. RATIONALE AND ANALYSIS:

The TLHS is important for passive and active (lacer) »emote sensing techniques.
Heteradyne remote sensing has the following advantages over o*her passive re-
mote sensing techniques. (1) Higher specificity = based on its high spectral
resolution the TLHS provides better discraimination against generally present
interferent gases. Thus pollutants can be detected with greater accuracy.

(2) Higher sensitivity ~ the TLHS removes mosv of the noise sources (detector/
btackground) zommon to direct infrared detectors and permits the ultimate in
detection (quantum noise limited operation).

TO BE CARRIED TO LEVEL
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
= — =
1. TECHNOLOGY REQUIREMENT(TITLE): PAGE 2 OF 4

Tunable Laser Heterodyne Spectrometer (TLHS)

7. TECHNOLOGY OPTIONS:

Coricerns techniques for "active" laser remote sensing discussed under a

separate technology requirement. Actually, the passive TLHS and the active
tunable laser teckniques complement each other.

8. TECHNICAL PROBLEMS:

(1) Single mode operation of tunable laser local oscillators ouer a wide tuning
rance a2t powers > 1 mW, The diode laser has the proper tuning range but aeeds
to achieve > 1 mW single mode on a routine basis. Diode laser operation at
779K needs to ke further developed for operation with a low power (" 100 W)
cccler. High pressure lasers: (W waveguide lasers have sufficient power but
their pressures and tuninc range need to be increased. High pressure pulsed
lasers have the pctential of extending their tuning range over the (See p. 4)

y, POTENTIAL ALTERNATIVES:

The potential alternatives are other passive remote sersing techniques and
laser remote sensing.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

SR&T developments of the TLHS and turable diode laser locel oscillators are
performed under RTOP 506-18-12. The devzlopment of other laser types which
have potential as local oscillators is discussed under thes techknology require-
ments for tunable lasers for remcte sensing. Application of a select frequency
gas laser heterodyne spectrometer is performed under a joint AIL (Airborne

Instrument Lab)-LRC AAFE program (RTOP 638-10E9&;ECTED UNPERTURBED LEVEL _

11. RELATED TECHNOLOGY REQUIREMENTS:

Improvement of sensitivity and bendwidth of sgquare law detector and associated
electronics. Development of high efficiency closed cycle coolers.
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l; DEFINITION OF TECHNOLOGY REQUIREMENT NO.

Tunable Laser Heterodyne Spectrometer (TLHS)

1. TECHNOLOGY REQUIREMENT (TITLE): PAGE 3 OF 4__

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75176 177]78]79]80]81|82] 83| 84]35|86]87]88]|89]90]91

TECHNOLOGY 1. Tunable
Diode L (1 mW, T79K)
la. Advanced Systems

2. TLHS Component Design

3. Breadboard Test

4, Fsbrication

5. Final Tests

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)

3. Operations

Operations with ad-

4, T 1
\égl;c?EHsunabl.e asers

13, USAGE SCHEDULE:

TECHNOLOGY NEED DATE

T
TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

l. R. K. Sealst Aralysis of Tunable Leser Heterodyne Rzdiometry: Remote
Sensing of Atmospheric Gases. AJAA J., vol. 12, no. 8, Aug. 1974,

2. R. T, Menzies: Laser Heterodyne Detection Techniques. Chapter 6 of Lasex -
Monitoring of the Atmosphere, E. D. Hinkley, Ec. (Springer).

3. F. Allario, R. K. Seals, P. Brockman, R. V. Hess: Tunable Semiconductor
Lasers and Their Application to Environmental Sensing. 10th Anniversary
Mtg. of the Society for Engineering Science. November 1973,

4. E. D. Hinkley, K. W. Nill, and F. A. Blumt Infrared Spectroscopy with
Tunable Lewers, Laser Spsctrescopy of Atoms esnd Molecules. Book chapter
in "Current Topics in Physics," Springer. To be published.

E.G., MATERIAL, COMPONENT, ETC, - 10. LIFETIME EXTENSION OF AN OFLRATIONAY MODEL,

15. LEVEL OF STATE OF ART 3. COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,
1. BASIC PHENOMENA QBSERVED AND REPORTED, 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT.
2, ‘rm.'om: qumuu'r:n TO DESCRIBE. PIIENOMENA, 7. MODEL 1&LSTED IN SPACE ENVIRONMENT,
3. THEORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPARILITY DERIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL, OPERATIONAL MODEL,

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,
_—————-——m--—-—e8ke—e————-—0-—-
1. TECHNOLOGY REQUIREMENT (TITLE): PAGE 4 OF _4_

Tunable Laser Hetercdyne Spectrometer {TLHS)

4, CURRENT STATE OF ART (cont'd.)

upwelling thermal radiance of the earth and the atmosphere and radiation emittecd
by the earth's limb.1,2 The TLHS obtains high specificity and sensitivity by
beating the radiation from passive (natural) or active (laser) source with that
from a tunable laser local oscillator on a square law detector, thereby trans-
forming the spectral information from the infrared to the difference frequency in
the microwave range which permits tuning across atmospheric spectral lines with
small spectral bandwidth and removal of noise sources except quantum roise. The
requirements for operation of a tunable laser as local oscillator are single mode
power in excess of 1 mW and sufficient tuning range to cover all important con-
stituents and pollutants. (1) Tunable infrared diode lasersl:2 have the required
tuning range and have been operated multimode at considerably higher powers.
Transverse single mode operation has been obtained but single longitudinal

mode > 1 mW is still not being attained on a routine basis. In the past infrared
diode lasers operated only at liquid helium temperatures but recently3 CW opera-
tion has been achieved at liquid nitrogen temperatures by using liquid phase
epitaxy growth techniques to fabricate dounle heterostructure devices. This
temperature increase is very important since it permits reduction in power of
closed cycle coolers (from &~ 1 kW tov 100 W) which are desirable for stable
temperature operation. (2) High pressure gas lasers (see also technology
requirement on laser remote sensing) are tuned across pressure broadened lines

(v 3 GHz/atm); CW waveguide lasers operate presently at pressure < 1/2 atm and
high pressure pulsed lasers (presently under development} can operate up to
pressures > 10 atm with corresponding tunability over a wide region. Select fre-
quency gas lasers (at lower pressures) are being used as local oscillators for

a limited number of gases. Parametric oscillators (pumped by Nd:YAG lasers)have
so far not been operated at high spectral resolution over the entire: IR range.

8. TECHNICAL PROBLEMS: (cont'd.)

entire IR (including frequency conversion techniques) but their tuning ctability
needs to be improved (e.g., through techniques discussed under the technology
requirement for laser remote sensing). The Nd:YAG laser pumped optical para-
metric nscillator (OPO) has sufficient power but has not been routinely tuned
over the entire IR with sufficiently high spectral resolution. The short pulses
limit the bandwidth of the radiation. (2) The TLHS techniques, as other passive
techniques, depend on radiation or absorption "on" and "off" atmospheric absorp-
tion lines. Thus it is desirable to extend the TLHS technique to multiline
operation, No major difficulties are expected, which would give the TLHS tech-
nique another advantage over other IR, visible, and UV detectors where such
simultaneous line operation may be more difficult.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
w
1. TECHNOLOGY REQU'REMENT (TITLE): _Lasers for Remote PAGE 1 OF T_

Sensing of Stratosphere, Troposphere, Shuttle Environment
2. TECHNOLOGY CATEGORY: Sensing, Data Acquisition

3. OBJECTIVE/ADVANCEMENT REQUIRED:_ Develop tunable lasers from IR
through UV, to measure constituent and pollutant gases, aeroscl and clouds at

powers compatible with shuttle requirements.

4. CURRENT STATE OF ART: _ Depends on_the lasers used in the various sensing

techniques. Gases: (1) Differential Absorption with Reflection Sensing (DARS)
1,2,3 from earth, clouds. (See pp. 4,5) HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

Tunable High Pressure/Enerqy IR Lasers: Continuous tuning occurs across the
pressure broadened laser lines, e.g., for CO; lasers the tuning rate is

3 GHz/atm. Overlapping of COy laser lines occurs > 10 atm so that continuous
tuning froma 9 to 11 ym becomes possible, many pollutants and constituents do
not require such a wide continuous tuning range. High pressure CO (v 5ypum),
DF (a 3.8 pm), and HF (v 2.7 pm) lasers need to be further developed, Effi-
cient 15% frequency doubling with CdGeAs crystals has been obtained and an
efficiency > 30% is projected. Frequency mixing of several laser wavelengths
and optical pumping of new lasing molecules for extending the wavelength range
from 1 to 11 ym are promising. In contrast to waveguide lasers, which operate
with a wall controlled discharge at low pressures (< 1/2 atm) and tuning range
and powers of the order of a few watts, for the tunable high pressure/engergy
laser uniform discharges are obtained by various pre-ionization techniques in a
larger volume improving uniformity of laser output and laser efficiency.  The

several laser wavelengths needed in the differential absorption (see_p. ﬁE]
P71 REQUIREMENTS BASED ON: O PrE-A,(J A, B,[] C/D

e e 1 T e S

6. RATIONALFE AND ANALYSIS:

In the past remote sensing techniques of the atmosphere over long ranges from
satellites were primarily of the passive type and laser techniques have been
used for shorter ranges. The development of more efficient lasers and of
improved remote sensing techniques, together with future availability of the
shuttle make such long range laser remote sensing techniques attractive.

TO BE CARRIED ™ LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

——

1. TECHNOLOGY REQUIREMENT(TITLE): PAGE 2 OF T_

Lasers for Remote Sensing of Stratosphere, Troposphere, Shuttle Environment

7. TECHNOLOGY OPTIONS:

Concerns a novel passive technique using a tunable laser as local oscillator in
a so-called laser heterodyne spectrometer, which increases the sensitivity and
spectral resolution of passive radiometers. The laser heterodyne spectrometer
(discussed under a separate Definition of Technology Requirement) is not just

a technology option, it actually complements the present active laser tech-
niques. Laser remote sensing techniques have certain advantages and dis-
advantages. The advantages of laser techniques are (1) differential absorption
techniques (DIAR, DIAL) are superior for measuring gases close to ground level,
(2) they have less dependence on atmospheric temperature distribution in con-
trast to passive techniques which depend on radiances, (3) they appear to be
better suited for measuring gases below concentration bulges, e.g., in O3

which may also contain NG bulges from stratespheric flight, (4) by providing
an independent pulsed llght source they permit day and night (see p. 6)

8. TECHNICAL PROBLEMS:

Long range remote sensing techniques from the shuttle and especially from
satellites require highest possible efficiencies for lasers and frequency con-
version, and frequency stable operation simultaneously on several narrow laser
lines. Reasonable extrapolation of present gas laser efficiencies indicates
that use of these lasers by themselves or as pumping sources of crystals or
other gases offer the possibility of performing shuttle experiments in the IR
range from 11 to 1 um, compatible with shuttle powers (see p. 6)

Y. POTENTIAL ALTERNATIVES:

The potential alternatives are passive remote sensing techniques and various
in-situ measurements.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

SRAT development and feasibility studies of tunable high pressure gas lasers

for shuttle remote sensing are performed under RTOP 506-18-12; applications of
these tunable, high energy density lasers to laser energy transmission and

energy conversion is performed under RTOP's 506-25-55 and 506-21-42. Feasibility
studies for » variety of tunable lasers for shuttle remote sensing are performed
under (see p. 6)

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

Small, lightweight power supplies. Optimization of heterodyne receiver.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

—]

1. 1 ZCHNOLOGY REQUIREMENT (TITLE): Lasers for Remote SensingPAGE 3 OF _1
——of Stratosphere, Troposphere, Shuttle Environment
12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75176 |77]78]79[801811821835|84|385]86]|87[88[89]90]91
ECHNOLO .
T1C ig &gséurluTﬁbEE

+a. Riequency Conv.

2. Advanced (Vis., V)L l

« Component design IR #

3
4. Breadboard Tests
5

. Final Tests

APPLICATION
1. Design (Ph, C)

2, Devl/Fab (Ph. D)

3. Operations

4. Oper. with frequency
|—Ftorvy—hiduancad- .
13. USAGE SCHEDULE:

]
TECHNOLOGY NEED DATE TOTAL
NUMBER OF LAUNCHES

14. REFERENCES:

1. R. K. Seals and C. H, Bair: Analysis of Laser Differential Absorption
Remote Sensing Using Diffuse Reflection from the Earth. Second Joint
Conference on Sensing of Environmental Pollutants. Dec. 10-12, 1973.

2. R. V. Hess and R. K. Seals: Applications of Tunable High Energy/Pressure
Pulsed Lasers to Atmospheric Transmission and Remote Sensing, NASA Tech-
nical Memorandum. TMX-2010,

3. Computer Feasibility Siudies for Remote Sensing of Gases from Shuttle
with DARS and DIAL (Visible and UV) performed by R. T. Thompson (0ODU)
and E. E. Remsberg, NASA LaRC. To be published.

4, M.L. Wright, F. K. Proktor, L. S. Gusiorek, E. M. Liston: A Preliminary
Study of Air Pollution Measurement by Active Remote Sensing Techniques.
Stanford Research Institute Final Report, prepared for NASA LRC Contract
NAS1-11657. To be published. (See page T)

15. LEVEL OF STATE OF ART 5. COMPONFNT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

1. BASIC P'HI':NOMI'.‘NA OBSERVED AND RETORTED. 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT.
2. THEORY FORMULATED TO DESCR!BE PHENOMENA. 7. MODEL TESTED IN SPACE ENVIKONMENT.
]

3. THEORY TESTED BY PHYSICAL EXPERIMENT + NEW CAPARILITY DERIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL. OPERATIONAL MODEL,

4. PL’ER':"INENT FUNCTION 0{( CIIA‘RACTENSTlC DEMONSTRATED, 9. RELIABILITY UPGRADING OF AN OPERATIONAL MOQDEL,
+G., MATERIAL, COMPONENT, ETC, 10. LISETIME EXTENSION OF AN OI'URATION.AL MODEL.
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1. TECHNOLOGY REQUIREMENT (TITLE): Lasers for Remote Sensing PAGE4 OF _T1_

of Stratosphere, Vropogphere, Shuttle Environment

DEFINITION OF TECHNOLOGY REQUIREMENT NO,

Gases: (1) DARS is used to measure column content with laser wavelengths "on"

4, CURRENT STATE OF ART: (cont)

(2) Differential Absorption Lidar (DIAL) with ranging by atmospheric scatter-
ing, 3,4,5.

(3) Fluorescence Lidar measurements for Shuttle Environment. 6 Aerosol Clouds:
Lidar measurements of atmospheric aerosol distribution, cloud height and thick-
ness.

and "off" absorption lines, and vertical altitude profiles with several wave-
lengths on abeerption lines to incldde the variation of pressure broadening
with altitude. For column_content measurements from the Shuttle pulse energies
<1 Joule 1, 2, 3 and average powers <10 W (assuming a repe*‘tion rate of 10
Pep.s.) should be sufficient for 03, co, NZG’ HZU in the IR, HZD in the visible,
and O, in the UV, These results are obtained by optimizing detectors (e.g.,
heterodyning in the IR, yielding several orders of magnitude improvement), "on"
and "off" wavelengths, and telescope size. All optimization have not yet been
performed in ref. 4, Higher pulse energies and average powers are needed for
less abundant gases SO, HCl, NO, and Freons (except for industrial corridors
and Shuttle or aircraft exhausts). The choice of wavelength range crucially
depends on the availability of efficient lasers tc meet the Shuttle power lim-
itations, or mission constraints for auxiliary power (aircraft power limitationJ
are less severe). In the IR, tunable high pressure/energy C02 lasers and some
other lasers at shorter wavelengths (CO, DF, HF) are capable of efficiencies
>10% and with frequency conversion have efficiencies into the entire IR range
>3%. Thus, the required average power on the Shuttle would vary from <100W
(for 10 p.p.s.) to somewhat higher powers for the more sophisticated experimentsg
In the visible, tunable dye lasers attain presently an efficiency of V0.3% and
with frequency doubling into the UV “0,1%, thus for 10W avg. laser power at
least 3 kW Shuttle power for H,O0 (visible) and 10 kW for 03 (UV) would be needed
Vertical altitude profiles, which depend on pressure broadening with altitude
require IR operation; the power requirement is somewhat higher than for the
column content. (2) DIAL obtains vertical altitude profiles through ranging

by scattering from aerosols and molecules and thus improves with decreasing
wavelength. The pulse energy requirements in the visible and UV wvary from
several Joules (H,0, 0, ) to >10 Joules (e.g., S0, ) with correspondingly larg
Shuttle power requirements due to low/laser efficiencies. Atmospheric consti-
tuents and pollutants have fundamental and overtone absorption lines in the neax
IR (1 to 5 um) where scattering becomes sufficient for DIAL applications., Tun=-
able optical parametric oscillators using frequency conversion of solid state
lasers in the near IR presently do not have sufficient energies and efficiencied
for Shuttle use (but may be useful for ground or aircraft use)., Coincidences
of gas lasers with molecular absorption lines (e.g., DF laser with HCl from
Shuttle exhaust have been studied for DIAL measurements in the near IR ( V3,84
m). A combination of gas lasers studied for DIAL measurements in the near IR
may show promise for Shuttle applications. (3)0 Fluorescepce Lidar has the
potential of measuring gases such as 0(1304.87 A), H(1216 A), Ar(1066.66 A, N>
(1300 K) in the immediate Shuttle environment 6 (0.1 to 10 km) and Na(5590 R)
at a longer range (115 km), At present the efficiency of producing far UV
frequencies through frequency multiplication of laser radiation is very low and
only few select frequency lasers exist in this region.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.,

1. TECHNOLOGY REQUIREMENT (TITLE): _Lasers for Remotg PAGES OF _I_
=ensing of Stratosphexe, Tropgsphere, Shuttle Environment

4, CLURRENT STATE OF ART: (cont)

The recent development of high pressure excimer lasers may be useful for this app-
lication; measurement of Na in the visible range should provide no difficulties.
Aerosols, Clouds: As discussed in the Shuttle payload proposal on Remote Semsing
of Aerosols by L. Kopia and P, McCormick, the backscattered radiation from a Lidar
system can be used to obtain much needed information for a variety of problems,
such as cloud height thickness, and type (phase state of cloud), vertical profiles
of siratospheric and mesopheric aerosols and the tropospheric aerosol maximum mix-
ing heighte Theoretical feasibility studies 7, 4, 8 indicate that aercsol di&tri~
bution/measurements in the stratosphere down to the mixing h31ght, with range
resolution of ~ 1 km could be pexformed at ruby laser wavelength (0,693 u m) at
pulse energies of the order of 1 Joule and at Nd3YAG laser wavelength (1,06 y m)
with pulse energies of the order of 10 Joules, could be performed at night time.
Measurements of the top heights of several cloud types could be performed with
similar energies during daylight, but measurement of cloud thickness would require
higher energies or similar energies at night time,’ A two color system (Kopia and
McCormick) using 0,6943 um or 1,06 M m and their second harmonics would allow, in
principle, complete separation of the molecular and aerosol components of the backs
scattered radiation for a unique aerosol measurement, The key problem is develop-
ment of efficient lasers and detectors. The present efficiency of Nd:YAG lasers
is at best 1% and of ruby lasers a fraction of a %, Thus, fcr both lasers, the
puower requirements for rep. rates of 1 pps would vary from several hundred watts
to 1 kW, The need for efficient lasexrs in the visible and W for aeroscl and
cloud measurements is similar to that for indifferential absorption measurements
of atmospheric constituents and pollutants,

5. DESCRIPTION OF TECHNOLOGY: (cont)

technique must operate close to simultaneously to avoid detrimental effects due to
change in scattering from the ground (diffuse reflection) or from the atmosphere
and turbulence produced by wavelengths at different times, This may be obtained
through use of ring lasers and unstable cavities, which also provide greater sta-
bility for fine tuning at the required narrow spectral output, Tungble Dve Lasers
and other Visible and UV Lgsers: The efficiency of tunable dye lasers is present-
ly very low, ~0,3% in the visible and corresponding lower, 0,1% for frequency
doubling in the W, The dye lasers are optically pumped by flashlamps or other
lasers., The efficiency of conversion from these pumping sources is high, up to
40%., Thus, the key proolem is the inefficiency of visible and UV lasers and
flashlamps. The efficiancy of visible ruby lasers is a fraction of a %. The
efficiency of Nd:YAG (1,06 M m) lasers is 1% and somewhat higher efficiencies
have been reported with the hope of approaching visible (doubled) laser efficien-
cies of 1%, Visible copper chloride lasers (.5100 and .5182 U m) have recently
been operated by A. Russel and N, Nerheim at JPL at efficiencies of 1%. Nitrogen
lasers (.3371 pm) have efficieancies of <1%. Excimer lasers have shown high
effxc;encmes in the UV and have potential for the visible. _guyggsLnggggé_ﬂggg_
Osci 0PO R IR Lasers: An Nd:YAG laser (1,06 u m) is gen-
erally used as laser source with frequency convexsion in an L1Nb03 crystal. The

conversion efficiency is high > 30%, but the laser efficiency i= not, 1%, thus
the combined efficiency is v 0.3%, A potential (coniy
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE):Lasexs for Remote Sensing PAGE 6 OF _T_
ef-Sisatesphasae,—TIxoosphere  Shuttle Foviranpent

5. DESCRIPTION OF TECHNOLOGY: {(cont)

improvement concerns use of the more efficient gas lasers with the OPO0 or with fre-
quency mixing of different laser frequencies with the goal of achieving an order of
magnitude higher efficiency of ~3% in the near IR, For IR operation considerably
increased signal/noise is i.htained through use of a heterodyne receiver (discussed
under separate technology requirement).

7. TECHNOLOGY OPTIONS (cont)

operations and comparative reduction in background noise. The potential disadvan-
tage of laser techniques is higher power requirement. The compara ively low powers
required for certain efficient laser techniques, however, makes them attractive.

8. TECHNICAL PROBLEMS: (cont)

<100 W tu several kW, Use of an Nd:YAG laser as pumping source for frequency
converters (optical parametric oscillator) in the near IR would require improvement
in efficiency with a narrow spectral band output. Tunable diode lasers have a wide
tuning range but not sufficient power. Operation of tunable dye lasers in the UV
would be of great interest for DIAL experiments, but their present efficiency is too
lowe. Increases in efficiency of dye laser pumping sources, e.g., Nd:YAG with fre-
quency doubling, nitrogen-, argon-, copper chloride vapor-, and excimer lasers are
required or the possible use of high pressure dye vapor lasers with electric dis-
charge excitation. Another alternative is efficiency increase of flashlamps with
new pumping techniques and improved matching of the dye spectrum. For example,
laser produced plasmas radiating in the UV have been successfully used for dye laser
pumping.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNNLOGY ADVANCEMENT: (cont)

RTOP 645-20-07. Differential Absorption w. .h Reflection (DIAR) is performed, for
aircraft applications, under a joint JPL-LRC AAFE program (RTOP £38-10-00) using

a waveguide laser with limited power and tunability. Differential Absorption Lidar
(DIAL) with tunable dye lasers is used by J. M. Hoell, W. Wade (LRC), and R. T.
Thompson (01d Dominion Univ.) in measurements of S0,from a smoke stack ( V2 km
range) under RTOP 176-~21-31, 9 Development of an optical-parametric oscillator

for remote sensing (™2 km range) in the near infrared and some diffuse reflection
studies of CO, lasers are performed at LRC with funding obtained from the EPA. For
sufficiently rapid development of tunable laser and select frequency laser applica-
tions from the IR through the visible and UV for remote sensing it is essential
that the effort be coordinated with strongly related laser requirements at ERDA
(isotope separation, fusion) and also with NASA applications to laser communications
(GSFC), and DOD applications such as 'optical radar and energy transmission,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE): _Lagers for Remote PAGET OF 1 __

Sensing of Stratosphere, Troposphere, Shuttle Environme:-t

14, REFERENCES: (cont'd.)

5. Re L. Byer and M, Garbuny: Pollutant Detection by Absorntion Using Mie
scattering and Topographic Targets as Retroreflectors. Applied Optics,
vol. 12, o. 7, July 1973.

6. S. Ke Poultney, Je S. Levine, and T. Mcllrath: Laser-Induced Resonance

Emission from Lower Thermospheric Species. EOS Trans. 56, No. 6, p. 404 (1975).

7. L. Elterman, R. B. Toolin, and J. D. Essex: Stratospheric Aarosol
Measurements with Implications for Global Climate. Applied Optir-, vol. 12,
No. 2, Feb., 1973,

8., Computer Feasibility Studies for Rémﬁte Sensing of Aerosols from Shuttle
performed by Se K. Poultney (0DU), E. E. Remsberg (NASA LRC), and Re T
Thompson (0DU), To be published.

9, J. M. Hoell, W, Wade, R. T. Thompson: Remo%e Sensing of S0, Using the
Differential Absorption Lidar Technique. To be presented at International
Conference on Environmental Sensing and Assessment, September 1375,
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B-4 EARTH ENERGY BUDGET AND SOLAR IRRADIANCE MEASUREMENT EXPERIMENT

T N TE

Applicagtion

80 T

s ena

The Earth-Energy Budget (EEB) and the Solar Irradiance Measurement {SIM) =

Experiment will have direct application to the Qutlook for Space theme Pre-
-diction and Protection of the Environment (02) dealing with Climate and
Climatic Changes (023), Large Scale Weather Forecasting (021), and Stratos- !

pheric Changes and Effects (024), The related applications are to the objec~

-

: tives of Local Weather and Severe Storm Forecasting (OFS~031), Dynamics and P

Energetics of Lower Atmosphere (OFS-074) and Structure, Chemistry, and Dynamics

of the Stratosphere/Mesophere (OFS-075).

B PN N

; Payload Description <
i Because the character of climates, zonal and regional, can be ultimately {
H :
f traced to the amount and distribution of solar energy absorbed by the Earth, 3
: ;
K the following measurements are fundamental to understancing and forecasting :
% k
" ‘Z'
i climate change: q" K
¥, y i
y (1) Measurement of variations in total solar energy incident on the .
: Earth at satellite altitude. ) i
5 (2) Measurement of the distribution of net energy gained or lost by E
E‘ the Earth. i
¢ (3) Measurement of attenuation of radiation leaving or entering the '
P .
.. ] Earth's atmosphere by man-made or natural pollution. -
i The payload consists of two types of instruments to make the first two ?
K K typec of measuresments, namely, (A) measurements of the total and spectral }
4 :
; unattenuated solar irradiance, and (B) those of upwelling radiation in the ¢
!
.§~ long (>4,0u) end shoxrt (2p-4.0u) wavelength regions, :
\
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e 5 5
e : }
A e
¥ b e s ur g St M AR T o " B - R | mm oM e - oW peema




e T g et e 5

o u e s

A. SGLAR IRRADIANCE MEASUREMENTS

It has been demonstrated that the climate changes over the pzst several
hundred years can be explained by employing deduced variations in sun's total
radiation in simple climate models, Knowledge of energy changes at specific
wavelengths are also important. For example, variations at short wavelengths
(less than U.3yp ) affects upper atmosphere temperatures. The relative inten-
sities at 0.69H and 0.741 are important to the development of plants.

One of the science requirements is that continuous measurements of the
total and spectral irradiance be made above the atmosphere as well as at ground
level for at least 22 years to establish short term variations, i, e., for 11
and 22 years solar cycles, Furthermore, the total solar radiation (O.Z—SD.Uﬁ )
measurements are required with an accuracy of ¥ 0.1% and precision of 0.5%.
However, the accuracy requirements for the spectral irradiance measurements are
not yet accurately defined but are approximately: X5 to 10% in the (0.2-0,7H )
region, and 2 to 5% in the 0.7-3.0u ) region,

B. ENERGY BUDGET EXPERIMENT

In order to measure the distribution of net energy gained or lost by the
earth's atmosphere, the two radiation streams, the albedo and the sarth emitted
radiation, need to be separated. One approach for separating them is to measure
the total earth upwelling radiation (0.2-50.01) as well as the short wavelsngth
(0.2u-4.0y ) radiation, i. e. the albedo; the difference bestween the two
giving the amount of earth emitted radiation,.

For accurate modelling and climate prediction, more stringent accuaracies
are required in separating the two streams than presently possible. For the
measurement of the two streams at the top of the atmosphere, accuracy required
in the case of global ne: radiation is better than 0.4% for albedo (short wave)

and 1 w/m2 for the long wave excitation, ard in the case of regional net
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radiation, is better than 2% for albedo ana 3 w/m? for long wave excitation.
Technology Advancement Reguired
A. SOLAR IRRADIANCE INSTRUMENTATION (TOTAL AND SPECTRAL)

Several cardidate instruments exist for the measurement of total and
spectral irradiance, but they need to be further developed to meet the afore-
mentioned stringent accuracy requirements for continuous measurement from space
platforms over lang periods of time. These are narrow field-of-view instruments.
B. THE EE BUDGET EXPERIMENT

There are several promising candidate instruments which require further
improvement in their accuracy and stability of calibration. The total type of
instrument is a cavity instrument, which may require chopping for high accuracy,
and hence a fast response. The instrument has a wide field-of-view.

In the albedo type instrument, there is a need for a dome/flat type filter,
which requires very special attention., For example, the transmission properties
of the filter are often sensitive tu the angle of incidence a- well as incident
wavelengths, Care must be taken to take into account the possiple sources of
error, namely, the partially polarized earth radiation and non-scene irradiance
at the thermopile brought about by differences between hemisphere temperature
and the thermopile receiver temperature.

A model of the degree, orientation, and spatial and spectral distribution
of polarized components of the sarth radiation is required for analysis.

The requirements to the design of the sensor are required, specially to
develop and test a long life cavity sensor assocciated with electronics and
calibration procedures and to study, evolve and test new methods of separating
albedo and earth emitted radiation streams.

Associated Mission Model
The Shuttle payload supports the Qutluok for Spasce theme, The Prediction
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ard Protection of the Ervironment, and especizlly the objectives deali.g with
Climate Prediction (OFS-023) and Large Srale Weather Forecasting (OFS-021).
It also supports the following 1973 Mission Model payloads.
(1) EO-3, the Ea.:h Observatory Satellite (L8 launches) 1978-91,

(2) EO-4, the Synchronous Earth Observation Satellite (8 launches)
1981-91,

(3) EC~5, Special Purpose Satellite (18 launches) 1977-91,
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B-5 MULTI-WAVELENGTH ATMOSPHERIC TRANSMISSION NETWORK EXPERIMENT (MWATNE)

Application

The Multi-Wavelength Atmospheric Transmission Network Experiment (MWATNE)

has anplication toc the Outlook for Space themes: Protection of Life and Property

and Prediction and Protection of the Environment, which deal with Tropsopheric
Pollutants (0FS-032), and Stratosphuric Changes and Effects (UOFS--24), dealing
with objectives of climate and weather.

The main applications of MWATNE are the measurement of the global aerosol
and gaséous consituend loading of the atmosphere by performing transmissometry
experiments at a network of stations, so that the effects of pollutants on
climate, weather, crops, and man's health can be studied,

Payload Description

Or-line absorption of radiation by the various atmospheric constituents
and the off-line attenuation of radiation due to scattering by molecules and
aerosuls, are a sensitive measure of the distribution and concentration of the
gaséous and aerLsol species in the atmosphere. MWATNE is essentially an inte-
grated s_stern of transmissometry experiments performed simultaneously at var-
ious wavelengths (visible, IR, MW) through the whole vertical atmosphere from
a network of ground stations located at various positions on the continents
and oceans, For the Shuttle experiment, however, it is proposed to test this
system with only a few stations (say about 10), lccated in the U,S5. mainland
and in the islands along the orbital path of the Shuttle., The post-Shuttle
goal is to perform the multi—wavé;ergth transmissometry simultaneously and
continuocusly from a multi-satellite system covering a global network of ground
stations, enabling one to get a rout.ine continuous picture of the global dis-~
tribution of Zhe atmospheric constituents, their concentration variations, their

dynamic behavior and to understand and ultimately predict how they impact on
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climate, weather, crops, and man's health. The proposed Shuttle experiments
will thus not only serve towards the design of a simple system for continuously
monitoring the natural and man made atmospheric constituents, but also ~heck
out the space flight worthiness of radiometers, detectors, coolers, filters,
data processors, that are technology requirements in other space experiments.

Transmissonetry can be performed in two modes: (1) sources on ths space
platform and detectors on the ground, and (2) sources on the ground and de-
tectors on the space platform. Advantages of mode ore are: (I) less initial
cost, (II) earth emission effects are minimal, and (III) space flight worth-
iness of sources can be checked out during Shuttle experiments. The concern
about the possible radiation hazard to human eye when IR laser sources are
involved needs to be evaluated. The advantage of the second mode are (I) min-
imum danger of radiation damage, (I!) for the visible region, the sources of
light, such as search lights and warning beacons, on building tops, can be used
that will also be of use of civic/safety purposes; (III) detectors, coolers,
filters, etc., can be tested and optimized for space flight. The disadvantages
seem to be: (I) interference from earth's surface albedo, and (II) higher
initial cost of calibrated sources. One or two experiments will be designed
to test which of the two modes is reliable and cost~effective.
Technology Advancement Reguired

MWATNE involves an integrated system of several photometers, radiometers,
filters which are under proposed development in connecticn with other payloads.
The main technology driver is to do a theoretical modelling and parametric
eanalysis to come up with an optimum design of the network of sources and de-
tectors and to invert the transmittance data for measuring the distribution ot

aerosuls and gaseous (SO,, 04,NH3, etc.) constituents at verious locations and

and altitudes in a 3-D grid.
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Requirements are (1) the development of the design of a multi-wavelength
(visible, IR, MW) transmissometry network; (2) development and space optimi~
zation of high resolution, long-life, calibrated sources and deteciors, narrow

B.W. filters and coolers (T<100%K). At present the sources, detectors, filters

and coolers are 1 to 2 orders of magnitude lower in performance than required for 3
MWATNE,

Associated Missjon Model
This payload supports the following 1973 Mission Model Pzyloads:

(1) The Earth Observatory Sateilite (E0-3) which has 18 flights
scheduled between 1978 and 1991.

(2) The Synchronous Earth Observatory Satellite (E0-4) which has 8

flights scheduled tetween 1981 and 1991,

(3) The Special Purpose Satellite (E0-5) with 18 flights scheduled

between 1977 and 1991.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

_T:::::1ﬁ

1. TECHNOLOGY REQUIREMENT (TITLE): Multi-Wavelength PAGE 1 OF ___
Atmospheric Transmission Network Experiment (MWATNE )
2. TECHNOLOGY CATEGORY: _ Sensing and Data Acquisition

3]

3. OBJECTIVE/ADVANCEMENT REQUIRED: Mylti-Wavelength (visible, IR, MW)

transmissometry netwcrk. Development and space optimization of high resolution,

long-life, calibrated sources & detectors, narrow B.W. filters & coolers (T<100°K)

1. CURRENT STATE OF ART: _The sources, detectors, filters and coolers are

1 to 2 orders of magnitude lower in performance than required for MWATNE.
HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

MWATNE invelves an integrated system of several photometers, radiometers,

) -filters which are under proposed development in connection with other
payloads. The main technology driver is to do a theoretical modeling and
parametric analysis to come up with our optimum design of the network of
sources and detectors and to invert the transmittance data for meesuring thek
distribution of aerosels and gaseous (SO0,, O3, NH3, etc.) constituents at
various locations and altitudes in a 3-D grid,

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,00 B,00 ¢/D

6. RATIONALFE AND ANALYSIS:

On-line absorption of radiation by the various atmospheric constituenis and the
of f=-line attenuation of radiation due to scattzring by molecules and aeroso.s,
are a sensitive measure of the distribution ar ~oncentration of the gaseous and
aerosol species in the atmosphere. MWATNE 3i- entially an integrated system
of transmissometry experiments performed simul.. ously at various wavelengths
(visible, IR, MW) through the whole vertical atmosphere from a network of ground
stations located at various positions on the continents and oceans. For the
shuttle experiment, however, it is proposed to tesi{ tni. system with only a few
stations (say about 10), located in thez US mainland and in the islands along the
orbital patn of the shuttle. The post-shuttle goal is to perform the multi-
wavelength transmissometry simultaneously and continuously from a multi-satellite
system covering a global network of ground stations, enabling one to get a rou-
tine continuous picture of the global distribution of the atmospheric constit-
uents, their concentration variations, their dynamic behavior and to understand
and ultimately predict how they impact on climate, weather, crops and man's
health, The proposed shuttle experiments will thus not only serve tewards the
design of a simple system of continuously monitoring the natural and manmade at-
mospheric constituents, but also check out the space flight worthiness of radio-~

meters, detectors, coolers, filters, data processors, that are technology
requirements in other space experiments.

(Cont'd.) 1o BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

—

1. TECHNOLOGY REQUIREMENT(TITLE): _MWATNE PAGE 2 OF _

7. TECHNOLOGY OPTIONS:

Ground~based experiments based on attenuation, scattering and polarization
by the atmospheric constituents.

8. TECHNICAL PROBLEMS:

Stability of the calibration of sources and detectors.

Y. POTENTIAL ALTERNATIVES:

None.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Various existing RTOP's and AAFE programs for sensrrs and laser sources.

T

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

None.

st .

dap )

.‘ w&‘

DA e

o



AT ma

ATy re Srmte e ¢ o

[r——

PR—
' l

| ——=

—

DEFINITION OF TECHNOLOGY REQUIREMENT NO. 4

1. TECHNOLOGY REQUIREMENT (TITLE): MWATNE PAGE 3 OF

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75|76 }77]78]79(80

81

82183]84185|86187]88]89{90]91

1.

2.
3.
4.
5

TECHNOLOGY

Analysis

Network Stations

Breadboard & Test

Fabrication

“inal Tests

4,

APPLICATION
1. Design (Ph. C)

2, Devi/Fab (Ph. D)
3. Operations

13,

USAGE SCHEDULE:

TECHNOLOGY NEED DATE

T
TOTAL

NUMBER OF LAUNCHES

14.

15.

REFERENCES:

LEVEL OF STATE OF ART

BASIC PHENOMENA OBSERVED AND REPORTED.,

THEORY FORMULATED TO DESCR!BE PHENOMENA.

THEORY TESTED BY PHYSICAL EXPERIMENT
OR MATIHEMATICAL MODEL,

PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, COMPONENT, ETC,

. LIFETIME EXTENSION OF AN OF'LRATION.\!, MODEL,

COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

MODEL TESTED IN AIRCRAFT ENVIRONMENT.

MODEL TESTED IN SPACE ENVIRONMENT.,

NEW CAPAMILITY DERIVED FROM A MUCH LESSER
OPERATIONAL MODEL.

RELIABILITY UPGRADING OF AN OPERATIVONAL MODEL,

g Ak
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1. TECHNOLOGY REQUIREMENT (TITLE): PAGE OF __

DEFINITION OF TECHNOLOGY REQUIREMENT NO.

6. RATIONALE AND ANALYSIS: (Continued)

It also supports the Outlook for Space themes, Protection of Life and Property
(OFS-03) dealing wih Tropospheric Pcllutants (0FS-032), and Prediction and
Protection of the Environment, dealing with Stratospheric Changes and Effects
(OFS-024),

Transmissometry can be performed in two modes: (1) sources on the space
platform and detectors on the ground, and (2) sources on the ground and
detectors on the space platform. Advantages of mode one are: (I) less
initial cost, (II) earth emission effects are minimal, and (III) space
flight worthiness of sources can be checked out during shuttle experiments.
The concern about possibilities of radiation hazard to human eye when IR
laser sources are involved, needs to be evaluated. The advantage of the
second mode are (I) minimum danger of radiation damage, (II) for the visible
region, the sources of light, such as search lights and warning beacons,

on building tops, can be used that will also be of use for civic/safety
purposes; (III) detectors, coolers, filters, etc., can be tested and optimized
for space flight. The disadvantages seem to te: (I) interference from
earth's surface albedo, and (II) higher initial cost of calibrated sources.
One or two experiments will be designed to test which of the iwo modes is
reliable and cost-effective.
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SECTION C: EARTH RESQURCES SENSING PAYLOADS

C-1 COASTAL ZONE AND LAND RESOURCES MANAGEMENT

Applicgtion
This is an earth oriented, remote sensing payload which is in direct support

of the Outlock For Space themes concerned with the Production and Management of

Food and Forestry Resources and the Prediction and Protection of the Environment.

One of the objectives of this mission is to acquire improved data to access land
use, environmental factors, and living marine resources. This mission will give
particular emphasis to the coastal zone which involves coastal land and wet-
lands use as well as coastal water quality and marine resources. The second
objective is to provide a spacetlight demonstration of advanced technology
applied to these important areas. This would include both advanced payload

and ground truth sensing technology. The advanced technology envisioned for
this spacecraft payload would involve advanced sensing concepts in multi-
spectral imagery employing large aperture telescopes for increased spatial
resolution; new spectral filtering and spectrometer concepts for improved
sensitivity and selectivity; advanced all solid state electronically-scanned
arrays for low cost and weight, and improved reliability and sensitivity; non-
radiative coolers for increased sensitivity; and new image and electronic data
processing techniques to eliminate redundancy of transmitted data. Anothex
important aspect of this mission is the validation of these observations and
measurements made from space using ground truth remote sensing systems, employing
both in situ sensors and aircraft borne remote sensors. The aircraft remote
sensing systems will provide an essential connecting link between in situ and
space remote sensars by providing rapid surveys over large areas. Although

the primacy emphasis of this payload is on coastal zone observations, the ad-

vanced multispectral imagery technology demonstrated by this mission will have
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direct impact on other earth observation mission.
Payload Description

The payload system would employ an advanced multispectral imagery system
sensitive to radiation emitted from the earth and its atmosphere over the spectral
range from ,2-13 micrometers. The system would provide high spectral selectivity
at specific speztral locations throughout the spectral range to maximize detection
sensitivity and selectivity of important land, water, und coastal zone parameters,
The basic elements of this advanced multispectr.l imager would include a large
aperture telescope; electronically-scanned, solicd state detector arrays; high
resolution spectral discrimination elements; a non-radiant type cooler system
operating at 70°K; and direct image or electronic data processors. This
instrument system would be tailored to observe the most important parameters of
the coastal zone and land resources management praoblems. Examples of important
parameters that show potential for remote sensing by this payload system are:

Water and Coastal Zone

Surface temperature and thermal pellution.

Surface salinity and salt/fresh water mixing.

Chlorophyll ard algae concentrations.

Industrial pollutants,

Fuel oil spills.,

Turbidity and dediment distributions.

Fractional cloud cover.

Marsh plant identification.

Wetlands monitoring (dredging, filling, lagooning, damming, etc.).

Shoal). mapping.

Trophic status of lakes.
Land

Mineral exploration,

Surface thermal mapping (geothermal site location, forest fire detection).
Insect population and damage surveys.

Forest coverage and cutting.

Timber classification,

Crop identification and surveys.

The precise selection of the optimum positions and widths of the instrument
spectral bands needed to detect the listed parameters cannot be completely

specified at present., This is an extremely important area for a continuing
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research program which requires extensive theoretical mecdelling of both physicsl
mechanisms and systems, laboratory experimentation, and “‘=ld evaluation. Based

on prior research. it is possible to identify certain regions of the spectrum

which will be important. The first of these is in the thermal infrared spectrum

from 8 to 12 micrometers. This spectral region, which corresponds to an atmos-

pheric window, is important for thermal mapping of both land and water -urfaces

and would be used to determine sea surface temperature, locate geotnermal ureas

and conduct insect population e''r~veys. For this experiment the desired temp-

erature discrimination or noise equivalent temperature should be less than
.19K, assuming a band of 10.5-12.5 micrometers is chosen. Another important
use of this band is for pollutant measurements since meny of the importent
stratospheric and tropospheric pollutants have absorption lines in this region.
These absorption lines for trace gas pollutants can hp both weak and spectrally
narrow and hence require special high ;ensitivity, hiéh resolution spectrometric
sensing techniques. The second spectral band of interest is the 3.5 to 5
micrometer band., This spectral region is useful for forest fire detection,
fractional cloud cover estimation (4 micrometers) and for earth viewing through
an etmospheric window (3.5 to 4.1 micrometers). Some pollutants such as CO

(4.7 micrometers) and CO, (4.3 micrometers) have absorptive bands in this region
also, The third region of interest is the 1 to 3.5 micrometer spectral range.
This region also contains atmospheric windows (1.5 to 1.75 micrometers and 2.1
to 2.3 micrometers) for earth viewing and in addition has use in geolcjical
surveying such as the identification of hydrated iron oxides and clays(1.3,

1,6, and 2.2 micrometers). The fourth and richest part of the total spectrum

is the .4 to 1 micrometer region. This spectral range is important for

visible imagery and putentially useful for the measurement, detection, or

monitoring of: chlorophyll in algae and plants (.685 t.m micrometer); fuel
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0il slicks at sea {.45 I.os micrometer); water turbidity; shoal mapping (.5 to
to .6 micrometer); trophic status of lakes (.8 to 1.l micrometer); timber,
crop ancd marsh plant identification; wetlands changes; industrial water
pollution (.6 to .7 micrometer); and insect damage. The last spectral region
to be covered is the near ultraviolet band from .2 to .4 micrometers., This
region is of interest for atmospheric pollutant monitoring of gases such as
50,3, 03, and NO, which have strong absorption bands in this spectral range.

From the preceding discussion it should be apparent that there is enough
knowledge of the important spectral characteristics of observables t2 begin
formulation of a pamyload system. Continuing research in the area may ulti-~
mately change priorities and identify new spectral signatures. In spite of
this, however, the underlying basic technology required to perform a mission
of this type will remain unchanged. The technology development of the key

elements of this advanced multispectral imager should be completed by the

following target dates: large aperture telescope (1982), electronically-scanned

solid state infrared arrays (1978), ultra~narrow band pass spectral filters(1980),

and non-radiative coolers (1980). Based on these dates the first payload could
be launched in 1983, Later launches would incorporate more advanced technology
such as the Hadamaxrd imaging spectrometer (1983) and the Fraunhofer line dis-

criminator (1984). This schedule can be compared to the Qutlook for Space

systems High Resolution and Very High Regolution Visible-IR System (systems

no. 2001-2004) which would directly benefit from this payload demcnstration.

The time frame proposed for these systems is: 2001 (1981), 2002(1982-86,

. 2003 (1987), and 2004 (1988-94), Since the time frames for this payload and

the operstioral systems overlap there could be a continuous transfer of technology

from this payload to the operational systems.
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Technology Advancement Required
A. LARGE APERTURE TELESCOPES

Ar f/1.7, one meter telescope is needed for this payload system to provide
a 19 fold increase in ceollection efficiency above present day ERTS imagery. In
addition, the instantaneous field of view would be 20 microradians at .S micro-
meter which .ould provide a factor of four improvement in ground resolution. In
a near earth orbit of 200 k m this would permit a surface resolution of better
than seven meters. The spatial resolution would bte proportionally dzjraded
toward the infrared and experience a factor of seven reduction at 10 micrometexs.
The total field of view of the optics system would be of the order of 15 degrees
which would provide a 53 kim swath width on the ground. There is an important
additional structural design constraint for this high resolution telescope which
requires the maintenance of small deformation tolerances in the presence of
space thermal loads,
B. SPECTRAL DISCRIMINATIOM ELEMENTS

Improved spectral discrimination elements such as filters, interferometers,
and spectrometers are needed to provide increased throughput, spectral discrim-
iration and tunability. These elements would be tailored to the parameter
spectrum of interest. In particular, imprcved ultranarrow band pass interfecence
filters are needed in both the visible and infrared (.3-12 micrometer) ranges to
implement sensing concepts such as the Fraunhofer line discriminator imager.
New spectrometer concepts such as the Hadamand Multispectral Imager need to be
investigated and applied. This latter sensing concept has a potential sensi-
tivity advantage over conventional spectrometers, while providing imagery in the
8-12 micrometer spectral band.
C. SOLID STATE DETECTOR ARRAYS ‘

This payload system will require electronically scanned, multiple solid
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state detector arrays which are sensitive over the full spectral range from

.2 to 13 micrometers., In order to achieve these capabilities new concepts
such as charge coupled device (CCD) and charge injection device (CID) must

be developed using new and different material systems. Siliccn LCD technoloagy
is in a high stage of developme  * and will cover the spectiral band from .4 to
1 micrometers. Silicon CID technology is in the early stage of development,
but offers improved sensitivity. Infrared CCD development for the 1 to 5
micrometer band is likewise in the early stages of development. In this
spectral band InSb is being used as the detector in a monolithic CCD., The
monolithic concept which is presently under investigation by NASA offers the

notential of low coct, high reliability, low weight and low power consumption.

An alternative approach involves a hybrid concept which uses a detector material

such as PbS and InSb deposited on silicon CCD's. This lattur technology will
probably progress more rapidly than the monolithic approach, but does not
possess the advantages of the former. In the 5 to 12 micrometer band ternary
material detectors such as HgCdTe appear promising. Work is needed in this
area to improve detector detectivity (D*) at higher operating temperatures so
that space system cooling requirements can be reduced or eliminatec. In the
8-12 micrometer band a class of pyroelectric detsctors offers the potential
advantage of high temperature operation with acceptable D* values. At pressnt
there is no known research in progress on self-scanned solid state arrays in
the 8-12 micrometer band. Finally, these detector arrays would have 13,100
slements of approximately 30 micrometers on a side to meet the instantaneous
and total field of view requirements.
D. COOLERS

Space qualified non-radiative type coolers which will reach temperatures

in the range from fU K (1 watt) to 100 K (10 watts) are needed for detectors
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and optical components ocperating in the thermal infrared region of the spectrum.,
This advance is needed to improve overall system sansitivity. In situations
where the detector is the major noise source a trsdecff can be made between
cooling requirements and improved detector performance. i. e., as detector
performance is improved cooling requirements can be reduced. Analytical
studies to investigate potential cooler designs are in progress.
E. IMAGE PROCESSING

Techniques to reduce the flow of redundant information need to be developed.
One approach to this is to perform direct imace processing using Fourier trans-
form imagery which could nerform pattern recognition, data compression and spa-
tial frequency analysis. This advanced technique is in the early research stage.
Another near real-time processing of multispectral imagery data. Faster micro-
processors need to be develaoped before this technology can be applied.
F. GROUND TRUTH SUPPORT SYSTEMS

The successful validation of multispectfal imagery and measurements from
space will to a large extent depend on synoptic ground truth data. This will
require both in gitu ground-~based sensors and aircraft instrumanted with remote

... aity sensors which can observe large land areas in a shoxt periva of time.
1nﬁ,a ~2mote sensing instrument. would bridge the gap between more accucate point
measurement in situ sensors at fixed locations and the large area coverage pro-
vided by the spacecraft multispectral imagery. Remote sensing and in situ
instruments are needed for ever& parameter of interest. Seversl examples app-
licable to coastal zone observatione are included in the listing of technology
requirements, Two of these are airborne remote sensing instruments employing
lassr techniques for the measurement of ccean and estuarine salinity and
turbidity. The laser technique (Raman LIDAR) is ths only known technique that

has potential for remote subsirface (> 1 meter) salinity measursment. Similar
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techniques are under development for algae chlorophyll concentration measurement
and o0il siick detection. These systems are in the development stage. The third
instrument is called the Multispeciral Ocean Color Sensor (MOCS) and is in the
flight evaluation stage. This instrument, a multispectral imager, is used for
observing selected signatures from the water parameters such as pollution,

chlorophyll, etc. The fourth instrument listed in the technology requirements

is an in situ multispectral imager based on a Viking facsimile camera concept.

This would find applicaticn for high resolution verification of multispectral
images generated by the spacecraft imager.

Acsociated Mission Model
Advanced technology demonstrated bty this payload would support multispec-

tral imageTy mi~sione in the following areas:

Timber Iaventory (015)

Control of Harmful Insects (036)

Rangelanu Assessment (016)

Global Crop Production (011)

Large Scale Weather (021)

Stratospheric Cranges and Effects (024)

Lccal Weather and Severe Storm Fcrecasting (031)
Tropospheric Pecllutants Monitoring (032)

In addition, it is in direct sunport of the Outlook for Space systems

H° gh Resolution and Very High Resolutior Visible-IR System (Systems no. 2001-

2004),
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1. TECHNOLOGY REQUIREMENT (TITLE): _ Imaging Optics PAGE 1 OF _4_

DEFINITION OF TECHNOLOGY REQUIREMENT NO.

for Coastal Zone Management

2. TECHNOLOGY CATEGORY: Sensing and Data Acquisition

3. OBJECTIVE/ADVANCEMENT REQUIRED;_ ' develop low f/f, wide angle
field of view, imaging optics for high spatial resolution multispectral

imagery (.4 - 12yp)

4. CURRENT STATE (_)FVART: ERTS imagery 0.4 to 1.1U, 76 micro
radian resolution, NOAA 3 Radiometer, 600 micro radian resolution,

HAS BEEN CARRIED TO LEVEL 9 _

9" and 5" diameter optics.

5. DESCRIPTION OF TECHNOLOGY
Requirement: 20 micro radian resolution at .5

150 micro radian resolution at 10U

Casegranian Optics technology to obtain these resolutions is given in
attached table taken from reference #l. Optics diameters of 0.5 to

1 meter are required. Necessitates large volume payloads. Light weight
and high dimensional precision optics technology is required.

P/L REQUIREMENTS BASED ON: [] PRE-A,[] A,(0 B,[J ¢/D

6. RATIONALE AND ANALYSIS:

1, High spatial resolution imagery is needed for Earth resources
monitoring. Large diameter optics are required because of ciffraction
limited effects.

2. Monitoring coastal zone esturines, wetlands, pollution, commerce
require r.igh resolution multispectral imagery.

3. Large diameter optical systems evaluation compatible with snhuttle
payloads.

TO BE CARRIFD TO LEVEL __ |




L: DEFINITION OF TECHNOLOGY REQUIREMENT NO.

——
——tma

1. TECHNOLOGY REQUIREMENT(TITLE;: PAGE 2 OF 4_

7. TECHNOLOGY OPTIONS:

Fly lower resolution radiometers on aircraft.

8. TECHNICAL PROBLEMS:

1. Weight, dimensional stability of optics materials.

2. DOptical design to cover large wavelength range and large angular field of
view,

3. Extreme mechanical precision need for scarning techniques.

Y. POTENTIAL ALTERNATIVES:

None.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

GSFC.. Scanning Spectroradiometer program (Image plane scanner, 16" dia.
collecting optics, 30 microradian resolution) 3 study contracts.

EXPECTED UNPERTURBEI® LEVEL S5 _

11. RELATED TECHNOLOGY REQUIREMENTS:

1. Optical materials of lijht weight configuration needed.

2. Solid state detector ~rrays, image scanning technique and spectral
filters technology must integrate with imaging optics to provide
complete system.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

=

1. TECHNOLOGY REQUIREMENT (TITLE):

= —
PAGE 3 OF _4

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75]76|77]78

79} 80

81/82]83}184]35[86]87}88]89}90]91

TECHNOLOGY
1, Analyses

. Design

. Fabrication

2
3
4, Space Checkout
5

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)
3. Operations
4.

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

T
A TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

#NAS5-21757, January 1973.

#NAS5-21952, September 1973.

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA ORSERVED AND RETORTED,
2, THEORY FORMULATED TO DESCR!BE PUHENOMENA.
3. THRORY TESTED BY PHYSICAL EXPERIMENT

OR MATHEMATICAL MODEL,

E.G., MATERIAL, COMPONENT, ETC,

4. PERTINENT FUNCTI(ON OR CHARACTERISTIC DEMONSTRATED,

l. Point Design Study Scanning Spectro-Radiometer
Te Company Contract, NAS5-21948 Final Report #1046-1 August 1973.

2. Design Study Report Seven-Band Scanning Radiometer Honeywell Contract

3. Scanning Spectroradiometer Point Design Final Report Hughes Contract

COMPO {T OR AREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

MODEL TESTED IN AIRCRAFT ENVIRONMENT.,

MODEL TESTED IN SPACE ENVIRONMENT.

NEW CAPARILITY ° _RIVED FROM A MUCH LESSER
OPERATIONAL MODEL.

RELIABILITY UPGRADING OF AN OPERATIONAL MODEL.

LIFETIME EXTENSION OF AN OI'LRATIONAL MODEL.

81
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TABLE 2-9. FACTORS AFFECTING SPATIAL RESOLUTION
onn Image Size, mr
Thermal
Gradient
Dif{fraction Effocts 1| to Summation of Effect
90 Percent of Encrpy Optical 7 1/°
Contained Within Mirror Figure Accuracy Primary Axis . 0 vm :
Sccondary Spacer Ma 15
Ecan Misalignment Foecal aT) = 2°C i=1 i
1\ across| Primary|Secondary| ito Optical Plane Sccondary
Diameter, 0.5 2.5 11.5 major \/2 A4 Axis 0,002 |Misaligament Mirror 0.5 .2.5 11.5
{nches micson | microns { microna| dimension| deviation| deviation Inches by 0.001 fnch b.w.N = 4°C micron microns microns
6 0.021 0.106 0.439 0.0133 0.0267 0.0267, 0.02 0.019 0.014 0.0546 0.1173 0.492
9 0.0142 | 0.071 0.327 0.0089 0.0178 0.0178 0.013 0.0128 0.014 0.0378 0.079 6.329
12 0.0106 | 0.053 0.244 0.0067 0.0133 0.0133 0.01 0.009% 0.014 0.030 0.C60 0.2456
16 0.008 0.04 0.)84 0.005 0.01 0.010 0.0075 0.0072 0.014 0.024 0.046 0.185
20 0.0064 | 0.032 ‘Q,147 0.004 0.008 0.008 . 0.006 0.0058 0.014 |o0.021 0.0378 0.148
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE): Hadamard Multispectrsl PAGE 1OF 3_
Imager

2. TECHNOLOGY CATEGORY: Sensing and Data Acquisition
3. OBJECTIVE/ADVANCEMENT REQUIRED:__Design and develop a thermal IR

imager using the Hadamard Transform/multiplexing advantage to improve sensor

detection signal to noise ratio.

4. CURRENT STATE OF ART: Thermal IR detectors and object plane scanning
radiometers provide 1 km resolution, + 29K sensor accuracy, and use an B-12U
spectral band. HAS BEEN CARRIED TO LEVEL _9_

3. DESCRIPTION OF TECHNOLOGY

The Hadamard Transform Spectrometer imager uses a single detector which senses
a large portion (50%) of the total scene energy continuously during a mission,
thereby giving an optical multiplex advantage. A multiaperture, encoded
graticule is scanned across the image in the usual radiometer optics. The
graticule encoding and detector ouvtputs are fed simultaneously into a computer
which inverts the data with a Hadamard Transform to reproduce an image of the
scene. By including a grating spectrometer in the system, imagery in
different spectral bands can be provided. By selecting several bands within

the 8 to 12y spectral range, more accurate temperature information may be
obtained about the scene.

P/L REQUIREMENTS BASED ON: ] PRE-A,[J A,0 B,[0J ¢/D

6. RATIONALLF AND ANALYSIS:

l. The multiplex advantage provides a larger S/N ratio and eliminztes the
image scanning mirrors of a normal object plane scanned with wmultiple
detectors.

2. Provides thermal IR imagery in the 8-12u wavelength bands. Multispectral
capability will provide for greater temperature measurement accuracy,
* 0.19%.

3. Useful in coastal zone water pollution meéasurements, Shuttle, Seasat, etc.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

— oor 3 |

1. TECHNOLOGY REQUIREMENT(TITLE): PAGE 2 OF 3_

7. TECHNOLOGY OPTIONS:

Frequency modulated graticules scanned in image plane.
Requires multiple demodulation and multiplexing circuits.

8. TECHNICAL PROBLEMS:
1. Efficiency of detector collecting optic need to be improved.

2. Minimum size of graticule elements influence size of optics in high
resolution radiometers.

3. Requires wide angle, low F/#, high resolution collecting optics.

Y. POTENTIAL ALTERNATIVES:

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP # 176-13-33-02 Water Quality anc¢ Pollution Sensing -
Evaluate Breadboard Model from AAFE Development.

EXPECTED UNPERTURI'FTD LEVEL 3

11. RELATED TECHNOLOGY REQUIREMENTS:

Development of: data inversion of Hadamard code using mini computers, data
display and recording techniques, thermal IR standards and calibrations

techniques.
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1. TECHNOLOGY REQUIREMEXNT (TITLE):

DEFINITION OF TECHNOLOGY REQUIREMENT NO.

——

———

PAGE 3 OF _3

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75176 177] 78791808182} 83|84{35|86|87]88!89}90]91
TECHNOLCGY
1. Analysis |
2, Design i
3. Fabrication
4. Space Checkout
5.

APPLICATION
1. Design (Ph. C)

. Devl/Fab (Ph. D)

2
3. Operations
4

=

13.

USAGE SCHEDULE:

TECHNOLOGY NEED LaTE

T
TCTAL

NUMBER OF LAUNCHES

14. REFERENCELS:

AAFE contract #NAS1-12690

"ASRE Hadamard Imaging Spectrometer Development

15.

1.
3.
3.

4.

LEVEL OF STATE OF ART

BASIC PHENOMUENA ORSERVED AND REPORTED,
THEORY FORMULATED TO DESCRIBE PUENOMENA.
THEORY TESTED BY PHYSICAL UNPERIMENT

OR MATHEMATICAL MODEL,

PERTINENT FUNCTION OR CHARAZ TERISTIC DEMONSTRATED,

E.G., MATEIIAL, CONPONENT, ETC,

COMPONFNT OR BREALBOARD TESTED IN RELEVANT

ENVIRONMENT IN THE LABCGRATORY,
MODEL TESTED IN AIRCRAFT ENVIRONMENT,
MODEL TESTLD IN SPACE ENVIRONMENT.
NEW CAPARILITY DLRIVED FROM A MUCH LESSER
OPERATIONAL MODEL.

RELIABILITY UPGRADING OF AN OPERATIVNAL MODEL,
LIFETIME EXTENSION OF AN OI'LRATION.AY, MODEL.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.,
W
1. TECHNOLOGY REQUIREMENT (TITLE): fraunhofer Line PAGE 1 OF _3_

Discriminator Imager (FLDI)

2. TECHNOLOGY CATEGORY: Sensor snd Data Acquisition

3. OBJECTIVE/ADVANCEMENT REQUIRED:_[Design and Develop an Imaging FLD
for Space Application

4. CURRENT STATE OF ART: Non-imaging helicopter flight model has be=an
developed and flight tested

HAS BEEN CARRIED T) LFVEL 6

5. DESCRIPTION OF TECHNOI.OGY

Large diameter collecting optics and object plane scanning system 1s <o be
adapted to the present nonimaging FLD concept to provide imaging from space.
Narrow band filters and double beam photometry techniques are combined with
the above imaging optics to sense the luminescence of certain earth targets
within the Fraunhofer absorption lines of the solar spectrum.

P/L REQUIREMENTS BASED ON: [] PRE-A,[] A,[J B,[J ¢/D

6. RATIONALIL AND ANALYSIS:

l. Cross track scanning from a sun synchronous orbit can provide imagery
(1 km footprint) of earth resources materials and pollutants
(Chlorophyll, oils, phosphates, etc.).

2. Can be useful in coastal zone pollution monitoring, plant stress in
forestry, mineral detection in geclogy.

3. Image contrasts are enhanced for materials luninescence beyond that
normally found in material reflectance for some fluorescent materials.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

nptywm—.

1. TECHNOLOGY REQUIREMENT(TITLE): PAGE 2 OF _?_

7. TECHNOLOGY OPTIONS:

8. TECHNICAL PROBLEMS:
1. Intervening atmospheric scattering cause contrast reduction and not
operabie in presents of clouds.

2. Study possible single Leam rather than double beam p“otometry

techniques,

Y, POTENTIAL ALTERNATIVES:

None.

10. PLANNED PROGRAMS CR UNPERTURBED TECHNOLOGY ADVANCEMENT:

None.

EXPECTED UNPERTURBED LEVEL

11. RELATED TECHNOLOGY REQUIREMENTS:

Narrow band filter development.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE):

PAGE 3 OF _3

12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176177178]765]180[81

82]83|84135|86]87]88]89]90}91

TECH

NOLOGY
Analyses

Design

Fabrication

Tect

Space Checkout

APPL

1. Design (Ph. C)
2. Devl/Fab (Ph. D)
3. Operations

4.

ICATION

1:}.

USAGE SCHEDULE:

TECHNOLOGY NEED DATE

TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:;
1, FLD Engineering Model of Helicopter -~ AAFE Program
2. Proposal for Operational Fraunkofer Line Discriminator (FLD)
Application Study - Perkin-Elmer #11743, 12 November 1973
L3 ,
$EPRODUCIBILITY OF uéb
15. LEVEL OF STATE OF ART 8. COMPONENT OR BREA'  .\RD TESTED IN RELEVANT
: ENVIRONMENT IN . LARORATORY.
1. BASIC PHENOMENA OBSERVED AND REPORTED, 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT,
3. TNEORY FORMULATED TO DESCRIBE FHFNOMENA, 7. MODEL TESTED IN SPACE E.VIRONMENT,
8. THEORY TESTED BY PHYSICAL EXPERJMENT 8. NEW CAPANILITY DLRIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL, OPERATIONAL MODEL.
¢ PERTINENT FUNCTION OR CHARACTE P'STIC DEMONSTRATED, 9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
E.G., MATEIIAL, COMPONENT, L IC, 10. LIFETIME EXTENSION OF AN OI'LRATIONAL MODFL.
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CEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE): Direct Fourier PAGE 1 OF 3_
Transform Imager

2. TECHNOLOGY CATEGORY: Sensors and Data Acquisition

3. OBJECTIVE/ADVANCEMENT REQUIRED: Permit the immediate utilization of

multiplex {(Fourier) advantage as well as permit Fourier data [ _ocessing on

raw image

4. CURRENT STATE OF ART:

HAS BEEN CARRIED TO LEVEL 3

’======__—=_——————————_—~=~—%

5. DESCRIPTION OF TECHNOLOGY

The Direct Fourier Transform Camera consists of an acousto-electrical light
detector whose output in a Fourier transform of the input radiant intensity
distribution. The technique cansists of launching acoustic waves down a
photosensitive slab. Nonlineaxr interaction between photons and acoustic waves
causes a multiplication between the two. Electrical current flowing trans-
versely to acoustic wave is proportional to the Fourier component of the

image at that acoustical wavelength frequency scanning completes the generation
of the Fourier transform.,

P/L REQUIRFEMENTS BASED ON: [J PRE-A,[0J A.[J B,00J ¢/D

6. RATIONALFE AND ANALYSIS:

The ability to do pattern recognition, to do data compression, to utilize
multiplex advantages for signal-to-noise ratio, and to do frequency analysis
of imagery data are all capabilities that curr<-t+ imaging systems do not
possess. At present a standard image must be -,.reiated and then either
digital or holographic techniques must be emploviu. The Direct Fourier
Transform Imager has the potential to bridge the ap be*. en the conventional
imager and the data processor.

TO BE CARRIED TO 1™~ ZL
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DEFINITION OF TECHNOLOGY REQUIREMENT

1. TECHNOLOGY REQUIREMENT(TITLE): _Dizect Fourier PAGE 2 OF 3

Transform Imager

— ——— s
——— —— e tm——

7. TECHNOLOGY OPTIONS:

Technology options include selecticn of materials, optimization for various
wavelength bands, and utilization of various acoustic gen=rators.

8. TWCHNICAL PROBLEMS:

Nonlinearities must be fully explored as well as the ability to launch properly
terminated travelling waves. Signal-to-noise must be fully understood.

Y. POTENTIAL ALTERNATIVES:

Nore,

10. PLANNED PROCRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

None,

EXPECTED UNPERTURBED LEVEL _

11. RELATED TECHNOLOGY REQUIREMENTS:

Nong.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

]

1. TECHNOLOGY REQUIREMENT (TITLE);_ Direct Fourier

Transform Imagex

PAGE 3 OF _3

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75176 177]78179|80]81[82| 83}84]35]s6]87]88]89|9u]91

TECHNOLOGY
1 .

2.
3.
4.
5

APPLICATION
1. Design (Ph, C)

2. Devl/Fab (Ph. D)
3. Operatio.s
4,

13. USAGE SCHEDULE:

Y
TECHNOLOGY NEED DATE l TOTAL
NUMBER OF LAUNCHES
14. REFERENCES;
Defts Direct Electronic Fourier Transforms of Optical Images, Kornreich, P. G.,

et al.; Procerdings of IEEE, August 1974.

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA OBSERVED AND REPORTED.
3. THEORY FORMULATED TO DESCRIBF PHENOMENA,
3. THEORY TESTED BY PUYSICAL EXPERIMENT

OR MATHEMATICAL MODEL,

ENVIRONMENT IN THE LARORATORY,
6. MODEL TESTED IN AIRCRAFT ENVIRONMENT,
T MODEL TESTEL IN 8. \CE ¥NVIRONMENT,

OPER:TIONAL MODEL.

4. PERTIMENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
10. LIFETIME EXTENSION OF AN OI'LRATIONAL MODFL,

E.G., MATENIAL, COMPONENT, ETC,

8. COMPONENT OR BREADBOARD TESTED IN RELEVANT

8. NEW CAPARILITY DERIVIID FROM A MUCH LESSER

M
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

PAGE 1 OF 3 _

1. TECHNOLOGY REQUIREMENT (TITLE): _Ultra Narzow Band

Filter for Remote Sensing

2. TECHNOLOG: CATEGORY: _Sensing and Data Acgquisition
3. OBJECTIVE/ADVANC "MENT REQUIRED: Design and develop infrared
bandpass filters of the Fabry Perot Interference type to advance the capability

of IR spectroradiometers for the oetection and measurement of line strengths in
,;.M%S?ﬁ%'ﬁﬁ-f%%:z%%'()p ART. Visible filters have been carried to level 6

_(Ex:zunhofar Line Discriminator Program). IR filters are in the early design
ph=se. HAS BEEN CARRIED TO LEVEL 2

5. VESCRIPTION OF TECHNOLOGY
Ul{i 2 narrcw band filter requirements for atmospheric absorption experiments:
Wavelength range: 5ut~ 20y (2000 cm—l to 500 cmnl)

Full width, half max. range: 3 x 1072 to 1 x 1073 (0.12 em™ tp 0.025 cm )
Transmission: 0,50

Optical ray cone angle: 2°

Operating temp.: 80°K

By tilting the filter, limited wavelength tuning can be accomplisheu to scan
several spectral lines in the IR spectrum.

P/L REQUIREMENTS BASED ON: [J PRE-A,[0 A,O0 B,00 ¢/D

6. RATIONALE AND ANALYSIS:

1., Filters to be incorporated into a differential absorption spectroradiometer

to measure atmospheric gas composition and pollutants.
2. Global coverage of the Earth environment from air-Sat or Shuttle.

3. Provides greater spectral specificity and detection capability over

present broadband filters used in LRIR or proposed LACATE sensors.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT(TITLE): PAGE 2 OF 3_

7. TECHNOLOGY OPTIONS:

IR Laser tuning techniques may accomplish same measurements in differential
absorption spectrometry.

8. TECHNICAL PROBLEMS:

IR Material selections, design for specific wavelength filters, wavelength
shifts with filter temperature change, integration of filter and detector
into compatible sensing subsystem.

Y. POTENTIAL ALTERNATIVES:

Useful as a blocking filter in laser tuning differential absorption
spectrometry.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

None,

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

Requires use with large diameter collecting optics (1 meter) and coocled
detectar filter subsystem,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, %
e

1. TECHNOLOGY REQUIREMENT (TITLE):

PAGE 3 OF

12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 177]78]79]80

81

82183]84]85[86]87185[89]90]91

1.
2,
3.
4,
5.

TECHNOLOGY

Analyses
Design -
Fabrication
Ground Task

Space Checkout

4.

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)
3. Operations

13.

USAGE SCHEDULE:

1ECHNOLOGY NEED DATE

1
TOTAL

NUM

BER OF LAUNCHES

14.

15.

1.
2.
3,

4.

REFERENCES:

LEVEL OF STATE OF ART

BASIC PHENOMENA OBSERVED AND REPORTED,

THEORY FORMULATED TO DESCR!BE PHENOMENA,

THEORY TESTED BY PHYSICAL EXPERIMENT
OR MATIEMATICAL MODEL,

PERTINENT FUNCTION OR CHARACTERISTIC DFEMONSTRATED,
E.G., MATERIAL, COMPONENT, ETC,

COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

MODEL TESTED IN AIRCRAFT ENVIRONMENT,

MODEL TESTED IN SPACE ENVIRONMENT.

NEW CAPANLITY DERIVED FROM A MUCH LESSER
OPERATIONAL MODEL,

RELIABILITY UPGRADING OF AN OPERAT WAL MQDEL,

LIFETIME EXTENSION OF AN OPERATIONAL MODEL,

94
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE): _Infrared Detectors PAGE 1 OF _4,

for Remcte Sensing

2. TECHNOLOGY CATEGORY: Sensing and Data Acquisition

3

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Optimize detectivity, response time
and operating temperature.

4. CURRENT STATE OF ART: _In the 1-14 micrometers range, II-VI and III-V,

1
semi-conductor detectors have detectivities above lUlD cm—sz—watt—l but
HAS BEEN CARRIED TO LEVEL

require cooling to 809K. (See p. 4.)

5. DESCRIPTION OI' TECHNOLOGY

The III-V and II-VI semi-conductor detectors are available in photo-conductive
devices or photovoltaic devices. From 1-5 micrometers, binary compounds will
suffice. Above 5 micrometers, the peak response as a function of wavelength
can be varied in a II-VI ternary compound (for example, ng Cdl-x Te and

Pbx Snl-x Te) by changing the ratios of the group II constituents.

A pyroelectric detector consists of a slab of pyroelectric material having two
opposite face areas coated with conductive layers to form a capacitor. A
change in temperature generates a signal current proportional to the pyro-
electric coefficient. To optimize the signal, s material should possess a low
heat capacity, low dielectric constant, and large pyroelectric ccefficient.
Since the signal current is nroportional to the rate-of-change of the temp-
erature, this detector is moxre attractive than other types of uncooled thermal
detectors for higher frequency applications.

P/L REQUIREMENTS BASED ON: [] PRE-A,[J A, B,0O ¢/D

6. RATIONALF AND ANALYSIS:

These devices are used for remote sensing in earth resources missions, environ-
mental pollution monitoring, and thermal mapping.

TO BE CARRIED TO LEVEL 8_
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

s ———
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1. TECHNOLOGY REQUIREMENT(TITLE): Infrared Detectors for p

AGE 2 OF 4_

Remote Sensing

7. TECHNOLOGY OPTIONS:

The detectivity of the II-VI ternary compc nds can be increased to the point
where it is practical to operate these devaces at higher temperatures than
B80°K. The detectivity of the pyroelectric can be increased to ™ 1010emH

Watt- .

8. TECHNICAL PROBLEMS:

1. Control of honogeneity in I1I-V and II-VI materials restricts array

construction. )
2. Poor reproducibility of detecior parameters in III-V and II-VI materials.
3. Relatively low operating temperature (VB09KO in the II-VI ternary

materials.
4, Relatively low detectivity in pyroelectric detectors (Cont'd., p. 4)

Y., POTENTIAL ALTERNATIVES:

If temperatures on the order of 859K can be achieved for the desired mission,
it is suggested that doped silicon detectors be employed because of their
higher detectivity in the wavelength range greater than 5 micrometers. In
addition, the detector preamplific: can be directly incorporated with the

device.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:
RTOP.# 506-18-21, "Electronic Devices and Components," contains elements

bearing on this technology, such as an indium antimonide CCD sensor and
pyroelectric detector materials investigations.

EXPECTED UNPERTURBED LEVEL 8_

11. RELATED TECHNOLOGY REQUIREMENTS:

Advancement in preamplifier performance technology: improved material grawth
technology: small volume, low power cooling systems.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, '

Su——

1. TECHNOLOGY REQUIREMENT (TITLE): Infrared Detectors for PAGE 3 OF 4

Remote Sensing I

PO

! 12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

o _SCHEDULE ITEM 75|76 177178179]180]81]82]83]|84|35|86|87]88]89/90]91 '
L TECHNOLOGY : |
: PYROELECTRIC DETECTORS:
1. Elec. Component Des. _| ‘
2. Component Development
3. Array or CCD Hybrid
Fabrication
4, Space Checkout

I1I-v & I1-VI Compound
DETECTORS:

s,
o ooy S —— . +

1. Materials Growth

2. Detector Fabrication
3. Analysis

4. Ground Checkout

5. Space Checkout

13. USAGE SCHEDULE:

-
o TECHNOLOGY NEED DATE TOTAL
N NUMBER OF LAUNCHES

14. REFERENCES:

1, "Infrared Technology for Remote Sensing," Special Issue, Proceedings of

the IEEE, 63, No. 1 (1975) "
Lo
I 1 £
}‘ ! H
e ;
’:. % :
i | 2
N 4
:
I .
| ,
* :
i B
! 3
!
| 15. LEVEL OF STATE OF ART 8. COMPONENT OR BREADBOARD TESTED IN RELEVANT
] ENVIRONMENT IN THE LARORATORY,
' 1. BASIC PHENOMENA OBSERVED AND REPORTED, 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT.
% 2. THEORY FORMULATED TO DESCRIBE PHENOMENA, 7. MODEL TESTED iN SPACE ENVIRONMENT,
- 3. THEORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPAMILITY DERIVED FROM A MUCH LESSER :
CR MATHEMATICAL MODEL. OPERATIONAL MODEL. i
| 4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9, RELIARILITY UPGRADING OF AN OPERATIONAL MODEE.. '
\ E.G., MATERIAL, COMPONENT, ETC, 10. LIFETIME EXTENSION OF AN OFLRATIONAL MODEL, :

¥ 97
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

e e e ey

1. TECHNOLOGY REQUIREMENT (TITLE): Infrared Detectors for PAGE 4 0F4_,
Remote Sensing

4, CURRENT STATE OF ART: (cont'd.)

Over the wavelength range 1-20 micromesters, pyroelectric detectors have a

relatively low detectivity (D*~=5x108 cm-Hg%—watt-l) but require little or
no cooling.

B8, TECHNICAL PROBLEMS: (cont'd.)

5. Relatively long response times in pyroelectric detectors whaich
restricts their practical operating fzequency.

6. Pyroelectric detectors highly sensitive in vibrations.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. _

L. TECHNOLOGY REQUIREMENT (TITLE): _ Intensified Solid PAGE 1 OF __

State Imaging Device

2. TECHNOLOGY CATEGORY: Imaging

3

3. OBJECTIVE/ADVANCEMENT REQUIRED:_ Develop a low light level solid

state imaging device by integrating a "CID" imaging device with an imaging

R SRl

intensifier.

4. CURRENT STATE OF ART: _CID devices have been built but have not been

integrated with image intensifiers

HAS BEEN CARRIED TO LEVEL 3

5. DESCRIPTION OF TECHNOLOGY

A technique for increasing the sensitivity of "Charge Injected Devices" (CID)
imaging devices in order to more completely take advantage of their ruggedness,
size, weight, and low power consumption. These devices will be strong
competitors for present low light level tube type systems.

P/L REQUIREMENTS BASED ON: [J PRE-A,[] A,[0 8,00 C/D

JUETpp SRR IR SRS
ook A - B A At A

6. RATIONALE AND ANALYSIS:

(a) As the resolution of the solid state devices increase, devices such as
the CID will replace tube type imaging devices. In addition, as the sensi-
tivity of CID type devices is increased, by integration with intensifiers,
intensified CID's could replace tube devices on the LST and Spacelab,

(b) The great advantages of the solid state imaging devices are:
1, Elimination of a heater element

2. Very small size, compared to an equivalent tube device,
3. Light weight.

4. Ruggedness, due to the elimination of electrodes.

TO BE CARRIED TO LEVEL __iJ
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.,
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1. TECHNOLOGY REQUIREMENT(TITLE): _Intensified Solid State _ PAGE 2 OF __

Imaging Device

7. TECHNOLOGY OPTIONS:

(a) Continued development and improvement in tube type imaging devices.

8. TECHNICAL PROBLEMS:

(a) Ccntamination of the CID silicon chip by materials from the intensifier
photocathode,

(b) Damage to the CID by high energy particles within the system.

Y. POTENTIAL ALTERNATIVES:

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

" EXPECTED UNPERTURBED LEVEL __

—

e vt et e —
" —

11. RELATED TECHNOLOGY REQUIREMENTS:
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

=== ==

=

1. TECHNOLOGY REQUIREMENT (IfiTLE): _Intensified Solid

PAGE 3 OF

State Imaging Device

12, TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 177]78179]80|81

82

83]84]35]86}87]88}89)90]91

TECHNOLOGY
1, Analysis & Design

2, Fabricate Test Model

3, Test —
4, Evaluation —
5. Report: Results "

APPLICATION
1. Design (Ph. C)

2, Devl/Fab (Ph. D)
3. Operations
4,

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:;

15. LEVEL OF STATE OF ART 8. COMPONFNT OR AREADBOAKRD TESTUD IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

1, BASIC PHENOMENA OTSERVED AND RETORTED, 6. MODEL TESTED IN A.ACRAFT ENVIROI'MENT,

1. THEORY FORMULATED TO DESCRIBE PHENOMENA, 7. MODEL TESTED IN SPACE ENVIRONMENT.

3. THEORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPANILITY DERIVED FROM A MUCH LESSER
OR MATIIEMATICAL MODEL, OPERATIONAL MODEL.

{. PERTIKENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9, RELJARMILITY UPGRADING OF AN OPERATIONAL MODEL,
5.G., MATERIAL, COMPONENT, ETC, 10, 14+ TIME EXTENSION OF AN OI'LRATIONAL MODEL,

101

T T U U

I I G

g g BT o



AL AT € TRy Ty ¥ g Px

R s ]

e on o

DEFINITION OF TECHNOLCGY REQUIREMENT NO,

L. TECHNOLOGY REQUIREMENT (TITLE): __Infrared Imaging PAGE 1 OF 4_

Devices Based on Charge Coupled Device Concepts (Hybrid and Monolithic)

2, TECHNOLOGY CATEGORY: Infrared Sensors and Imagers

)

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Increased Spectral Resolving Power,

Anqular Resolving Power as well as Increased Sensitivity with Additional

Features of on Chip Signal Processing and Flexibility of Signal Manipulation,
4.

CURRENT STATE OF ART: _Hybrid infrared CCD devices are in the developo. .c
stage (1-12 micrometers) and system problems are being worked. Monolithic

devices are in the first stages of research. = HAS BEEN CARRIED TO LEVEL5/4

~

5. DESCRIPTION OF TECHNOLOGY Hybrid Infrared CCD de\ ices are infrared
detectors mated to silicon CCD signal processors. Basic problems concern the de-
sign of the coupling method of the detectors to the silicon CCD in a sandwich
type arrangement on the focal plane of an optical system. Signal processing,
timing sequence, background, dynamic range, and uniformity of response are being
worked in both a materials and a systems sense. In monolithic infrared CCD de-
vices the entire MIS (metal-insulator-semi-conductor) fabrication process is be-
ing worked for compatibility and stability of detectors, FET's, diodes and CCD
development. The state of the art being that charge transfer has just been dem-
onstreted for the first time in the InSb infrared detector material. Basically
the technology is that of developing a silicon LSI process for the infrared ma=
terial being used that satisfies all the micro=lectronic fabrication require-
ments as well as the infrared detector response requirements.

Hybrid infrared detector systems current.y being developed by the DOD are InSb
and HgCdTe, With research underway by numerous groups on the hybrid detectors

such as PbS, Pyroelecyric fEXAREMIRTS H}fsﬁﬁléﬁﬁ?ﬁﬁ'iﬁhﬂ, £9°a"8 B8/

6. RATIONALLE AND ANALYSIS: These devices are of the Fccal Plane Array types
utilizing the low cost, hi,' reliability, minimal size, weight and power consump-
tion associated with the micro-electronic concepts LSI silicon technology. These
devices offer a new concept in increased sensitivity utilizing the Time Delayed
Integration (TDI) concept (a signal summation process where the S/N ratio has
been shown to increase by the N; where N is the number of detectors). In addi-
tion due to signal processing capabilities on the chips increased versatility and
complexity of signal manipulation is gained as well as decreased capacitance of
the devices which usually decreases the overall noise of the system. Infrared
systems provide a day and night time measurement capability.

Requirements for devices of the above types are basad on new and improved infra-
red measurement techniques needed in the following categories:
A. Inf-ared Imaging for Geological Experiments Concerning Classification
and Typing of Mineral Deposits in the Exploration of New Minsral Re=-
sources Throughout the World.

B, Atmospheric Temperature Scunding for Weather Forecasting utilizing the
4.3 micrometer COy Band.

C. Estimate of Fractional Cloud Cover in distinguishing between clouds and
water surfaces in both the day time and night time (maximum difference
between cloud and water surface emittance occurs neas; 4 micrometers).

(Cont'd, on p, 4) TO BE CARRIED TO LEVEL __

102

i -w..7..m«“. -

[T TR ———p— —

LA e

H
13

IR PO N

PR A

P



e ety

E

et e

S oy

T a s o e s

L

DEFINITION OF TECHNOLOGY REQUIREMENT NO,

S——

———

1. TECHNOLOGY REQUIREMENT(TITLE): Infrared Imaging Devices PAGE 2 OF 4
Based on Charge Coupled Device Concepts (Hybrid and Monclithic)

7. TECHNOLOGY OPTIONS:

The alternative approach woild be to continue to develop systems of single de-
tectors which utilize a rocking mirror. TDI could be utilized which would in-
crease the detector sensitivity. No alternative system approach exists that

offers the versatility and promise of performance improvements that is comparable
to hybrid or monolithic infraced imeging devices based on CCD concepts.

8. TECHNICAL PROBLEMS:
1., Fabrication of the monolithic MIS structures.

2. Identification of MIS monolithic devices with low interface state densities,
3. Development of readout devices, FET's, diodes, etc. in monolithic systems.
4, Fabrication of a hybrid monolithic sandwich structure utilizing detectors

and silicon CCD's,

5. Reduction of nois-~ problems due to lead in contacts from detectors in Hybrid

tem
6, Bg%ermination of clocking sequenczs, signal condition and Erocassing technol-

Y. POTENTIAL ALTERNATIVES: ogye.

Utilize multiple wavelength scanning by prisms or diffraction grating after
scan achieved with rocking mirror or scanning mirror concept.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP # 506-18-~21 "Electronic Devices and Componerts" has a current modest level
of funding for the deveiopment of monolithic infrared imaging devices based on
CCD concepts. Work in this area could sasily be expanded %o develop a specific
hybrid infrared £CD infrared imaging system for the 1-5 micrometer region which
could be available fcr an experimentel flight for one of the abcve mentioned
categories of experirunts in approximately 3-4 years, Incressed funding would

of course be nseded. EXPECTED UNPERTURBED LEVEL 5_

11. RELATED TECHNOLOGY REQUIREMENTS:
Increased data handling capabilities would be needed to handle expected increased
jinfrered imaging data that would be available in terms of a variety of spectral
information as weil as increased slemental ground resolution. Night time data
would also be available which would increase the deta handling requirements. Due
to the signal processing capabilities of CCD structures, increased complexity of

systems might be required if on board data procsssing were undertaksn to dscrease
the amount of data transmitted back to earth.
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E DEFINITION OF TECHNOLOGY REQUIREMENT

|, TECHNOLOGY REQUIREMENT (TITLE): Infrared Imaging Devices PAGE 3 OF _4
led Device Concepts (Hybrid and Mopolithic)
12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

Based on Charge Coup

SCHEDULE ITEM 75]76]77178179{80|81]82}83|84|35186187|88]89/90]91

TECHNOLOGY
(Monoiithic)

1. Analysis of Structure
2. TImproved design

3. Linear Array :‘ab.

4., Ground Checkout

5. Ajrcrsft Evaluation
(Hybrid)

1. Device Design & Fab.
2. System Desiqgn & Fab.

3. Dev. & Sys. Integrate -
4, Aircraft Evaluation
aPPLICATION

.« Geology Experiments
2. Atmos. Temp. Sounding
3. Pollution Mapping

4, Planetary Astronomy

13. USAGE SCHEDULE:

—
'PECHNOLOGY NEED DATE TOTAL

" NUMBER OF LAUNCHES

P T v N
ok fR RIS N -
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14. REFERENCES:

1. Infrared Detsctors in Remote Sensing, H. Levinstein and J. Mudar, Proceedings
of the IEEE, Januaxry 1975, page 6.

2. Imaging Devices Using the Charge Coupled Concept, D. F. Barbe, Proceedings of
the IEEE, January 1975, page 38.

3. Application of Charge Coupled Devices to Infrared Detection and Imaging, A. J.
Steckl, R. D. Nelson, B. T. French, R. A. Gudmundsen, and D. Schechter; Proceedings
of IEEE, January 1975, page €T7.

4, Cherge Coupled Infrared Imaging Device (CCIRID) Feasibility Study, NASA CR=
13. 183, December 1973, R. D. Thom and R. E. Eck.

5. Symposium on Charge-Coupled Device Tachnology for Scientific Imaging Applica-
tions, JPL SP 43~-21, March 1975,

615.P:E§W£n8$ fr g%'EEEb l‘_;:' ial lgsue on Infrared Tach. fo: Remote Sanub DOk evant

R BREADBOARD TESTE
1. BASIC PHENOMENA ODSERVED AXD REPORTED.

:mxm.mrr IX THY LARORATORY,
@ MODEL TES™" . ™ #IRCRAFT ENVIRONMENT,
2, THEORY YOUMULATED TO DESCRIBE PUENOMENA, '

7. MODEL TFS:. i - 3737k ERVIRONMENT, '
W EN FROM A MUCH LEMER - -

3, THEORY TESTED BY PHYSICAL EXPERIMENT 8, NEW CAPAY.: .
OR MATHEMATICAL MODEL, OPERATIONA .. viuks,
4. PLRTINENT FUNCTION OR CHARACTENISTIC DEMONSTRATED, 5, MELIARIL Tt 00 n ANING OF AN OPERATIONAL MODEL
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1. TECHNOLOGY REQUIREMENT (TITLE): _Infrared Imaging

DEFINITION OF TECHNOLOGY RFQ' {EMENT NO.

PAGE 4 OF _4_

Devices Based on Charge Coupled Device Ccncepts {(Hybrid and Monolithic)

6.

RATIGNALE AND ANALYSIS:

D.

E.

Fe.

Pollution Sensing of Pollutarts Spectral Signatures at Various
Wavelengths,

Planetary Astronomy Spectral Imaging such as 5 micrometer Methane
bands of Saturn,

Spectral Infrared Imaging Applications 1-20 micrometers region.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE): Optimization of PAGE 1 OF 3_
Infrared Radiation Detection

2. TECHNOLOGY CATEGORY: _Infrared Detectors

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Reduction of low temperature opera-

tional requirements for infrared detectors

4. CURRENT STATE OF ART: _Low noise tri-metal detectors — operate at

temperatures no higher than 909K as typified by 5191 on Skylab.
HAS BEEN CARRIED TO LEVEL 7

5. DESCRIPTION OF TECHNOLOGY

To generate usable signals in long wavelength infrared detectors, the detector
must be cooled to ter, 'ratures near 779K. Operation at higher temperatures is
limited because of the presence of inherent thermal noise. Frequently, the
cooling process introduces a significant amount of noise. The use of liquid
nitrogen cooling is inconvenient, and can be hazardous to personnel. It is
suggested that a low-noise, moderate temperature detector may be developed
through a methodical computer aided research program in terms of general
material, environmental, and impurity considerations such as band structure,
transport properties, and temperature.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,0J B,[0J ¢/D

6. RATIONALF AND ANALYSIS:

(a) Relaxed temperature requirements for infrared detectors are required so
that weight and power consumption required for cooling may be reduced and
flexibility may be expanded.

(b) Low altitude and orbital earth observation remote sensing systems will
benefit from this technology.

(c) Mechanical refrigerators of liquid nitrogen cooling devices severely
limit the flexibility and the operating time of infrared detection systems.

(d) This technoiagy advancement will be a new capability derived from
present infrared detector technology.

TO BE CARRIED TO LEVEL 2_
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1. TECHNOLOGY REQUIREMENT(TITLE): _Optimization of Infrared PAGE 2 OF 3_

Radiation Detecticn

% DEFINITION OF TECHNOLOGY REQUIREMENT

7. TECHNOLOGY OPTIONS:

An alternative to moderate temperature detectors would be to find a suitable
means of cooling detectors to low temperatures by non-mechanical means such
as by cryogenic adsorption pumping techniques. This type system would be
closed cycle and free from the noise generated by a mechanical pump.

8. TECHNICAL PROBLEMS:

1., Processing or fabrication probleus,
2. Environmental considerations.

3. Mathematical expression of a generalized detector.

Y. POTENTIAL ALTERNATIVES:

Investigate detector characteristics as related to fundamental material
properties separately as well as in combination,

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

EXPECTED UNPERTURBED LEVEL 2_

11. RELATED TECHNOLOGY REQUIREMENTS:

Low-noise pre-amplifiers

Design cryogenic refrigerators with less stringent cold temperature
requirements,

107
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DEFINITION OF TECHNULOGY REQUIREMENT NO.

=

1. TECHNOLOGY REQUIREMENT (TITLE):

Infrared Radiation Detection

Optimization of

PAGE 3 OF _3

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75176 77| 78]79] 80|81

82

83]84]35]86]87188]89]90}91

TECHNOLOGY
1. Analysis

2. Mathematical Model

3, Fabrication Techniques
Developed

4. Fabrication

5, System Integration i
6.Testing & Documenta~ i

APPLICATION
1. Design (Ph. () _

2. Devl/Fab (Ph. D)

3. Operations

tion

4.
13. USAGE SCHEDULE:
1
TECHNOLOGY NEED DATE & TOTAL
NUMBER OF LAUNCHES 2| 2] 3]a 11

(1)

4.

14. REFERENCES:

Infrared System Engineering by Richard D. Hudson, Jr., 1969

15. LEVEL OF STATE OF ART

1.
3.
3.

BASIC PHENOMENA ORSERVED AND REPORTED.

THEORY FONMULATED TO DESCRIBE PIIENOMENA.

THEORY TESTED BY PHYSICAL EXPERIMENT
OR MATHEMATICAL MODEL,

PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E,G., MATERIAL, COMPONENT, ETC,

10,

« NEW CAPANILITY DERIVED FROM A MUCH LESSER

COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

MODEL TESTED IN AIRCRAFT ENVIRONMENT.

MODEL TESTED IN SPACE ENVIRONMENT.

OPERATIONAL MODEL,
RELIARILITY UPGRADINC OF AN OPERATIONAL MODEL,

LIFETIME EXTENSION OF AN OFLRATIONAY, MODEL.
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1. TECHNOLOGY REQUIREMENT (TITLE): Near Infrared (1 to 8 y) PAGE 1 OF _3_

DEFINITION OF TECHNOLOGY REQUIREMENT NO.

Myltispectral Imagqing for Planetary and
‘fﬁfﬁ%ﬁtﬁﬁ3&\gQﬁ&iﬁﬁi&ﬂ?ﬁ _Improved Sensgr and Detector Technolagy
3. OBJECTIVE/ADVANCEMENT REQUIRED: Develop hybrid CCD line and area
—array detectors which have the desired infrared detector such as PbS, InSb,

etc., depogited on the photosensitive area of the CCD,
4. CURRENT STATE OF ART;: Custom hybrid detectors of this nature have been

ani including Hughes
SERC | TLL. HAS BEEN CARRIED TO LEVEL &

5. DESCRIPTION OF TECHNOLOGY

Although several companies are working on hybrid CCD detectors with near-
infrared sensitivity, no detectors suitable for multispectral imaging applica-
tions for planetary and Earth application flight hardware are available.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,00 B,00 ¢/D

| ___applications. TO BE CARRIED TO LEVEL __

6. RATIONALFE AND ANALYSIS:

a. h hybrid CCD detector which has sensitivity in the 1 tc. 8U spectral
region coupled with specific on-board spectral filtering, ratioing, or simi-
lar on-board processing has the advantage of strong absorption and radiative
characteristics for many multispectral imaging applications.

b. Both Earth and planetary multispectral imaging application can utilize
this extendnd spectral region and at the same time have the advantages of
the CCT p.ocessing logic, the large dynamic range, and optimum quantum effi-
ciencies. Shuttle payloads and some planetary instruments proposed for LPO
and ""JJ would utilize this technology.

c. The advantages of the CCD in low-power, low-weight, high-sensitivity
sensor technology could be complemented with the extended spectral sensitiv-
ity range offered by the hybrid CCD detector.

de This t2chnology advancement should be incorporated into specialized
multispuctral imaging and analysis systems which could be experimentally
demorstrated on an early Shuttle flight. This Shuttle experience would be
~used to optimize instrimentation for Lunar and Planetary investigation
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

——

—

-

1. TECHNOLOGY REQUIREMENT(TITLE): _Near Infrared (1 to Qn) PAGE 2 OF 3
Imaging Sensor Development for Multispectral Imaging for Planetary and

7. TECHNOLOGY OPTIONS:

These hybrid CCD detectors using the strong signatures of many surface materials
and atmospheric absorptions in the near-infrared could be incorporated in
systems which incorporate simple on-board processing to enhance the present
multispectral imaging systems.

The present development of higher resolution non-CCD linear diode arrays with
sensitivity in the near-infrared ultimately is limited by the number of
individual wires which can be attached to an individual chip. The efficient
on-chip amplification and readout capabilities of the CCD, can simplify thke
design of these instruments and at the same time, keep the low-power and low-
weight helpful parameters.

8. TECHNICAL PROBLEMS:

These detectors may bs radiation sensitive.

Y. POTENTIAL ALTERNATIVES:

Technical alternatives involve the use of image converters and intensifiers
with special photosensitive surfaces. This well-known technology is not
condusive to low-power, light-weight system design.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP # "Specialized Multispectral Imaging and Analysis
System" could be expanded in scope to incorporate the near-infrared hybrid
CCD detectors,

EXPECTED UNPERTURBED LEVEL 5_

11. RELATED TECHNOLOGY REQUIREMENTS:

CCD Detector Technology On-Board Processing
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

= —
1.

TECHNOLOGY REQUIREMENT (TITLE): Near Infrared (1 to Bu) PAGE 3 OF _3__

Imaging Sensor Development for Multispectral Imaging for Planetary and

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75]76177178]179]80]81

82]83|84]35|86]87]88}89{90}91

TECHNOLOGY
1 .

2.
3.
4,
5

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)
3. Operations
4,

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

Applications, March 6 and 7, 1975.

Various publications by Alex Goetz.

Proceedings of the Symposium on CCD Technology for Scientific Imaging

RODUCIBILITY OF THR
AL PAGH T POOR

15, LEVEL OF STATE OF ART 8. COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

1. BASIC PHENOMENA OBSERVED AND RETORTED, 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT,

2. THEORY FORMULATED TO DESCR!BE PIENOMENA, 7. MODEL TESTED IN SPACE ENVIRONMENT,

3, THEORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPAMLITY DERIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL, OPERATIONAL MODEL,

4, PERTINENT FUNCT(ON OR CHARACTERISTIC DEMONSTRATED, 9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
E.C., MATERIAL, COMPONENT, ETC, 10. LIFETIME EXTENSION OF AN OFLRATIONAYL MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE): _Radiative PAGE 1 OF _3_

Refrigeration Design
2. TECHNOLOGY CATEGORY: Infrared Detector Refrigeration
3. OBJECTIVE/ADVANCEMENT REQUIRED:_Increased sensitivity cf infrared

systems used in orbital applications for remote sensing of environment,

4. CURRENT STATE OF ART: _Several designs for passive systems have been
used, but evaluations and design tasks have not been attempted for lack of
opportunity. HAS BEEN CARRIED TO LEVEL 3

5. DESCRIPTION OIF TECHNOLOGY

The sensitivity of infrared detectors is dependent on the attainmant and
maintenance of very low temperatures - near liquid nitrogen. The
practical approach to this requirement four lorg term missions is to
utilize passive radiative refrigeration systems. The operation of these
hinges on the temperature difference between outer space and the object
requiring cooling. Several designs have been used in an attempt to
accomplish the required results. These efforts have met with moderate
success. A new system based on a comprehensive evaluation of current
approaches concurrent with a design effort would provide increaser
infrared detection sensitivity,

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,[0 B,0 ¢/D

6. RATIONALF AND ANALYSIS:

(a) Currently used infrared detectors require temperatures in the range
of B0 degrees kelvin,

(b) Development of this system would benefit satellite designs of the
ERTS-C type. In some applications, the Themmatic Mapper would benefit.

(c) Present designs provide temperatures in the 195°K range with
theoretical predictions down to about 100°K.. Improvements would result

in greater ground target thermal resolution, probably by an order of
magnitude.

(d) This technology advancement should be carried to an experimental
demonstration in an eaily Shuttle flight.

TO BE CARRIED TO LEVEL 7
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT(TITLE): Radigtive Refrigeration PAGE 2 OF _?_

Design

7. TECHNOLOGY OPTIONS:

The effectiveness of passive refrigeration devices relate to the ability
of the system to radiate into outer space. This is a materials, as

well as a geometry problem, It is proposed that a pallet of several
designs be simultaneously evaluated in a modular/adjustment configuration
permitting real-time interactive modifications.

8. TECHNICAL PROBLEMS:
l. Thermal path between infrared detector and refrigeration system.
2. Ability of system to radiate into outer space (Radiator Design).

3. Pointing of system into outer space.

Y. POTENTIAL ALTERNATIVES:

Possibly using adsorptive pumping techniques using solar energy for
power input in a conventional refrigeration cycle,

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Current research by JSC for development of adsorption numping techniques
for use in cryogenic refrigeration purposes.

EXPECTED UNPERTURBED LEVEL 3

11. RELATED TECHNOLOGY REQUIREMENTS:

Infrared detesctor technology, low temperature technology, remote
sensing technology.

4Ry s
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DEFINITION OF TECHNOLOGY REQUIREME

== —

NT

NO.

——————

Design

1. TECHNOLOGY REQUIREMENT (TITLE): Radiative Refrigeration PAGE 3 OF _3_

12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 |77{78]79]80]|81]82] 83

84

85

8687

88

89

90

91

TECHNOLOGY
1. Analyses

2. Mechanical & Thermal
Design
3. Fabrication

4, Test

5. Documentation

APPLICATION
1. Design (Ph, C)

2, Devl/Fab (Ph. D)

3. Operations

4.

13. USAGE SCHEDULE:

TECHNOLNGY NEED DATE 4

TOTAL

NUMBER OF LAUNCHES ‘ 21321

14. REFERENCES:

15. LEVEL OF STATE OF ART

1. BASIC PRENOMK34-OBSERVED AND REPORTED,

3, THEORY FOHWMVLATED TO DESCRIBE PHENOMENA.

3. THEORY TES¥RD BY PHYSICAL EXPERIMENT
OR MATHEMATICAL MODEL.,

4. PERTINENT FUNCTION OR CHARACTERISTIC DFEMONSTRATED,
E.C., MATERIAL, COMPONENT, ETC,

8. COMPONENT OR BREALBOARD TESTED IN RELEVANT

"Infrared System Ergineering" by Richard D. Hudson, Jr.

1969

ENVIRONMENT IN THE LARORATORY.

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT,
¥. MODEL TESTED IN SPACE ENVIRONMENT,
8. NEW CAPANMLITY DERIVED FROM A MUCH LESSER

OPERATIONAL MODEL.

9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
10. LIFETIMNE EXTENSION OF AN OI'LRATIONAL MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO

{. TECHNOLOGY REQUIREMENT (TITLE): Near-UY {200 to 400 nm) pAGE 1 OF 2
an ¥isible Multispectral bI"maging Investigations for ler-estrial Pollution
ana lanetazy Mmgsnﬁamg easurements

2. TECHNOLOGY CATEGORY: _Phcto-Detection of Atmospheric Pollutants

3. OBJECTIVE/ADVANCEMENT REQUIRED: Use multispectral imaging to attempt
photo-detection of atmospheric pollutants such as SO2.

4. CURRENT STATE OF ART; _Laboratory spec’ral data illustrate the signature
of several gases including SOp, 03, and NO2, which have strong absorptions in

the near-UV and visible. HAS BEEN CARRIED TO LEVEL __

—

5. DESCRIPTION OF TECHNOLOGY

This technology would be to identify stationary sources of emissions

detectable by near-UV spectral imaging which can possibly be correlated
with atmospheric pollution.

P/L REQUIREMENTS BASED ON: [J PRE-A,[O A, B, c¢/D

6. RATIONALE AND ANALYSIS:

(a) The near-UV spectral imaging is an area of scientific investigation
that has had very little previous investigation.

(b) The Mariner 10 imsges of Venus taken in the near-UV give a striking

example that UV imaging is a viable means of gathering atmospheric
data.

(c) By expanding the multispectral techniques currently being carried
out under RTOP 645-30-08 to the near-UV, this task could easily be
demonstrated on an early Shuttle flight, since the system could
be built up with existing technology.

TO BE CARRIED TO LEVEL __

SRS AR o M0 SRS U S
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DEFINITION OF TECHNOLOGY REQUIREMENT

poe——

1. TECHNOLOGY REQUIREMENT(TITLE): Near-UV (200 to 400 nm) PAGE 2 OF 2.
and Visible Multispectral Imaging Investigations for Terrestrial Pollution

7. TECHNOLOGY OPTIONS:

8. TECHNICAL PROBLEMS:

Ultraviolet requires stricter cleanliness in overall handling in order
to ensure organic contaminants do not mask out potential signal.

Y. POTENTIAL ALTERNATIVES:

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

 —
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DFFNITION OF YECHNOLUGY REQUIREMENT NO.
e == o

1. TECINOLOGY REQUIREMENT (TITLE): _Myitispectral PAGE 1 OF _3_
Ocean Color Sensor (MOCS)

2. TECOHNOLCGY CATEGORY: Sensing and Dsc- Agquisition

3. CBJECTIVE/ADVANCEMENT REQUIRET =y igpment of a MOCS optimized
for_spene flight, increase spatial res.. .71, select spectral bands to fit

watz  _.get spectral signatures.

4, CULRENT STATE OF ART: _Aizcraft MOCS - . ght tested-20 spectiral

chanrs.s-low_spatial resalution-grou.d + -, ralibrated for some water
targets, HAS BEEN CARRIED TO LEVEL 6
5. DESCRIVTION OF TECHNOLOGY

Multispactsal Imaring Padieneter © .. .. .uns radiation collector, diffracting
grating radiation dispersing sysi-w, .uasgs disector cathode ray tube datector,

electron beam scarning, cross trock scanning to provide spatial imagery, 20
spectral bands, spectral range (.4 to 0.8 microns, no moving parts, fast
scan rate, high signal to noise ruatio for water targets. Enhances spectral
and radiance contrast of week grazients in water reflectance characteristics.
Allows detection of pollution, algae, sediment, surface anomollies, etc.

P/1. REQUIREMENTS BASED ON: [] PRE-A,[J A,(0 B,J ¢/D

6. RATIONALE AND ANALYSIS:

Curxent MOCS program is dsveloping water signature and water related
target spectral radiance signatures. This work relates to ocean and
coastal water targets including pollution, s=dimentation, algas, chemicals
and toxic waste, oil, etc., This information will provide the above
requirements for the development of an advanced space flight MOCS,
Davelopment of -ensors, data analysis techniques and display methods
should be carried to completion for evaluatien on Shuttle.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHENOLOGY REQUIREMENT NO.

g 1. TECHNOLOGY REQUIREMENT(TITLE): : PAGE 2 OF 3_ o

/. 7. TECHNOLOGY OPTIONS:

v Use presently developed aircraft MOCS. :
8. TECHNICAL PROBLEMS: o

1. Design of high resolution optics: angular resolution 800 microradisne.

L 2. Dafine and reduce number of spectrsl bands based on aircraﬁ./dfata analysis.

; 3, Develop mathematical algorithms and data display technique

B fast automatic computer system. 7 3}

N 9. POTENTIAL ALTERNATIVES:

',;“:1 )
e
b

-
£
|28
L
"

e T

el

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:
RTOP # 176-13-33 Aircraft sensor flight evaluaticn,

n

11. RELATED TECHNOLOGY REQUIREMENTS:

!l

EXPECTED UNPERTURBED LEVEL 6 1
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. )

T=1 . TECHNOVL.OGY REQUIREMENT (TITLE):

PAGE 3 OF _3

12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75]76]77]78|79]80|81

82

83]84}85186]87]88]89/90]91

TECHNOLOGY
1. Analysis

2. Design

3. Fabrication

4. Space Checkout

5.

APPLICATION
1. Design (Ph. C)

2, Devl/Fab (Ph. D)
3. Operations
4,

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

T
TOTAL

NUMBER OF L.AUNCHES

14. REFERENCES:

15, LEVEL OF STATE OF ART

1. BASIC PHENOMEN: OBSERVED AND REPORTED,

2, THEORY FORMULATED TO DESCRIBE PHENOMENA.

3. THEORY TESTED BY PHYSICAL EXPERIMENT
OR MATHEMATICAY!, IODEL,

4. TERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, COMPONENT, ETC,

. MODEL TESTED IN S8PACE ENVIRONMENT.
« NEW CAPARILITY DERIVED FROM A MUCH LESSER

» RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
+ LIFETIME EXTENSION OF AN OI'ERATIONAL MODEL,

COMPONENT OR BREADBOARD TESTED IN RELEVANT
ZNVIRONMENT IN THE LARORATORY,
MODEL TESTED IN AIRCRAFT ENVIRONMENT,

OPERATIONAL MODEL.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. !
1. TECHNOLOGY REQUIREMENT (TITLE): Coastal Zone Resource = PAGE 1 OF 3 ‘
Imager |

2. TECHNOLOGY CATEGORY: Sensing and Data Acquisition

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Permit low earth orbit monitoring
of coastal zone characteristics by an instrument optimized for such measure-

ments, utili.ing solid state detectors only.

4. CURRENT STATE OF ART: _Instruments exist which can measure some of the

desirec chiracteristics but no coordinate instrument exisis for coastal zone,

HAS BEEN CARRIED TO LEVEL 4

5. DESCRIPTION OF TECHNOLOGY

The coastal zone resource imager consists of a four part imaging system,
all solid state. Part one is a visible color and false color IR section
(0.4 to 1.3y) high resoclution imager. Part two is a multichannel medium
resolution visible and near infrared spectrometer imager with tailored
wavelength bands for the region 0.4 B to 1.1W ) high resolution imager. Part
two is a multichannel medium reolution visible and near infrared spectrometer
imager with tailored wavelength bands for the region 0.4 p to 2.7y . Part
three is a thermal mapper in the band, and part four is an ultraviolet

and Fraunhofer line discriminator imager.

P/L REQUIREMENTS BASED ON: [] PRE-A,[0J A,[J B,0J ¢/D

6. RATIONALE AND ANALYSIS:

A coordinated instrument of this type would operate as a Shuttle payload such
as the ATL concept. The coastal zone resource imager would permit the rapid
acquisition of information concerning variations in temperature of ocean
masses near shore areas, the variation of shoreline geclogy, chlorophyll, and
sedimentation and the effects and extent of chemical and thermal pollution.

TO BE CARRIED TO LEVEL ___
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Imager

% DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT(TITLE): Coastal Zone Resource PAGE 2 OF _E“_ﬂT

7. TECHNOLOGY OPTIONS:

Technology options would include the desired, all solid state imager detector
head, a hybrid system partly solid state and partly vacuum tube, solid state

linear arrays or scanning mirror. Optical technology would be single or
multiple channel lens or mirrors.

8. TECHNICAL PROBLEMS:

The basic concept of linear array pushbroom scanners has b-er demonstrated,
but the extension of this technology to multiple detector material

technology in one package would require utilization of back-up technology
options.

Y. POTENTIAL ALTERNATIVES:

A bore-sighted combhination of some already developed might be feasible
though optimization for coastal zone measurement would be difficult.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

MOCS
Reconofax

FLD

EXPECTED UNPERTURBED LEVEL 4 _

11. RELATED TECHNOLOGY REQUIREMENTS:

None.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

| ——————

=

1. TECHNOLOGY REQUIREMENT (TITLE): Coastal Zone Resource  PAGE 3 OF _3

Imager

12, TECHNOLOCY REQUIREMENTS SCHEDULE;:
CALENDAR YEAR

SCHEDULE ITEM 75]76177}78|79] 80

81182183]84]35|86]87(88]89]90]91

1,
2,
3.
4.

5.

TECHNOLOGY

2

3
4.

APPLICATION
1. Design (Ph, C)

. Devl/Fab (Ph. D)
. Operations

13.

USAGE SCHEDULE:

TECHNOLOGY NEED DATE

T
TOTAL

NUMBER OF LAUNCHES

14.

15,

1.
2,
3.

4.

REFERENCES:

LEVEL OF STATE OF ART

BASIC PHENOMENA OBSERVED AND REPORTED.,

THEORY FORMULATED TO DESCR!BE PIIENOMENA.

THEORY TESTED BY MIVSICAL EXPERIMENT
OR MATHEMATICAL MODEL.,

PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, COMPONENT, ETC.

» LIFETIME EXTENSION OF AN OI'LRATIONAT, MODEL.

COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY.

MODEL TESTED IN AIRCRAFT ENVIRONMENT.

MODEL TESTED IN SPACE ENVIRONME!.T.

NEW CAPARBILITY DERIVED FROM A MUCH LESSER
OPERATIONAL MODEL,

RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE): Develop Remotis PAGE 1 OF _3_
Turbidity Monitoring Instrumentation
2. TECHNOLOGY CATEGORY: _Environment (Marine)

3. OBJECTIVE/ADVANCEMENT REQUIRED:;_Develop fast, remote methods of
measuring seawater turbidity for oceanographic studies and satellite

interpretations.

4. CURRENT STATE OF ART: _A_second generation optical backscatter

turbidity system is being assembled with field tests scheduled for the
summer (1975). HAS BEEN CARRIED TO LEVEL 5

5. DESCRIPTION OF TECHNOLOGY

A transceiver consisting of a lascr =~ urce and a telescope/photomultiplier
detector 1s being used to study backscatter by a natuval body of water. The
incident laser beam is linearly polarized whereas the backscattered 11.'.%

s somewhat depolarized. This depolarization is attributable to multiple
scattering by the suspended material in the water. Thus as the water becomes
more turbid, the degree of depolarization increases.

The instrument being evaluated uses a 10 milliwatt CW argon-ior. lzser, an 8"
telescope collector, and a polarization analyzer. It is designed to operate
from an altitude of 100 meters and to measure beam attenuation (turbidity)
over a range of 1 M-1 to 10 M-1,

P/L REQUIREMENTS BASED ON: [] PRE-A,[0 A. O B,[JQ c/D

6. RATIONALFE AND ANALYSIS:

(a) NASA-NOAA satellite interpretation will be aided by a capability to
measure turbidity, by simultaneous aircraft underflights. The LaRC ALOPE
Program for Remotely Sensing Chlorophyll requires simultaneous turbidity
measurement for calibration,

(b) In general the capability for measuring turbidity from aircraft should
benefit geologists and oceanographers who now do the work from shiptoard.
The system being developed is simple and inexpensive and will be usable

by ron-experts with limited funds.

TO BE CARRIED TO LEVEL §_
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
———

s

TECHNOLOGY REQUIREMENT(TITLE): _Develop Remote Turbidity PAGE 2 OF 3_

Monitoring Instrumentation

1.

7. TECHNOLOGY OPTIONS:

8. TECHNICAL PROBLEMS:

The main problem in this technique is to establish a calibration curve for

depolarization vs. turbidity. Field tests in various bocies of water will

have to be performed to determine if a universal curve is possible, or
whether several curves for various water types are necessary. The relationship
between beam and diffuse attenuation coefficients must also be determined.

Y. POTENTIAL ALTERNATIVES:

Quantitative Sediment Determinations using Multi-Spectral Data. Johnson/NASA LRC
Laser - Tyndall Scattering Techniques. Hirschberg and Bland Univexrsity of Miami/

KSC RTOP 177-70-91
Short Pulse Laser Time Delay Techniques. J. Shannon/NADC

Additdional Depolarization Studies (Lab) - Mayo/Texas A & M
- Granatstein/Bell Labs

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP 506-18-12 is presently funding this work.

EXPECTED UNPERTURBED LEVEL 6_

11. RELATED TECHNOLOGY REQUIREMENTS:
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DEFINITION OF TECHNOLOGY REQUIREMENT

NO,

Monitoring Inst fati

TECHNOLOGY REQUIREMENT (TITLE): Develop Remote Turbidity PAGE 3 OF _3

—_—— |

12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 {77178179180]81

82|83]84}85|86}87]88}89{90191

TECHNOLOGY
1Lomponent Tasks

2 Array Fabrication

3Array Ground Task
4o

5.

APPLICATION
1. Design (Ph, C)

2, Devl/Fab (Ph. D)

3. Operations
4 .

3. USAGE SCHEDULE:

TECHNOLOGV NEED DATE

TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

15. LEVEL OF STATE OF ART

1, BASIC PHENOMENA OBSERVED AND REIORTED,
2, THEORY FORMULATED TO DESCRIBE PIENOMENA,
3. THEORY TESTED BY PHYSICAL EXPERIMENT

OR MATHEMATICAL MODEL,

4, PERTINENT FUNCTION OR CHARA"TERISTIC DEMONSTRATED,

ree

E.G., MATERIAL, COMPONEN1, ETC, 10,

¢EPRODUCIBILITY OF TES

., NEW CAPAMLITY DERIVED FROM A MUCH LESSER

pAGS 1B POOR

COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LAPORATORY.

MODEL TESTED IN AIRCRAFT ENVIRONMENT,

MODEL TESTED IN SPACE ENVIRONMENT,

OPERATIONAL MODEL,
RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
LIFETIME EXTENSION OF AN OI'LRATIONAT, MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT (TITLE): Develop Remote Monitarin?AGE 1 OF _3_
lechniques for Ocasan-Salirity—

2. TECHNOLOGY CATEGORY: _Environment (Marine)
3. OBJECTIVE/ADVANCEMENT REQUIRED:DEVBJ-OP fast, remote methods of measur-
ing salinity over large bodies of water for oceanographic studies and satellite

interpretation,

4. CURRENT STATE OF ART: A laser optical backscatter method has been shovin

to be successful in the lab. A prototype field system has been constructed gnd
is bei tested i lah tank. HAS BEEN CARRIED TO LEVEL 5

5. DESCRIPTION OF TECHNOLOGY

A pulsed Nd:YAG laser and a double monochromator system are being developed to
measure the backscattered Raman return from the sulfate ion (SO4). Since S0,

is in constant proportion to the other salts in the sea, it can be used as a
measure of the salinity. The Raman water return is used as an internal standard;

Depth penetration decreases exponintially as turbidity increases, therefore
penetration can vary from 40 ft. in coastal waters to as little as 1 to 2 ft. in
highly turbid environments. Depth resolution is approx. 1.5 m and surface res-
olution may be about 1 M2,

The expected precision is 10 to 15%, however an uncertainty of 20 to 25% would
still yield useful information on large frazsh water inputs into extuarines from
storms and hurricanes.

P/L REQUIREMENTS BASED ON: [] PRE-A,[] A,0 B,[0J ¢/p

6. RATIONALE AND ANALYSIS;

NASA-NOAA satellite interpretation require a knowledge of these quantities at
many location around the globe.

It is expected that this system will be useful in dynamic estuarine environments
where large changes in salinity over short periods of time can occur due to fresh
water runoff, tides, and intermitent phenomenon such as storms and hurricanes.,
(These short term salinity variastions are difficult to monitor using shipborne
in situ equipment).

TO BE CARRIED TO LEVEL §
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

Techniques for Ocean Salinity

TECHNOLOGY REQUIREMENT(TITLE): _Develop Rerote Monitoring PAGE 2 OF 3

— |

7. TECHNOLOGY OPTIONS:

Dlder, conductivity analyses are regularly used by oceanographers, but are too
slow for comprehensive comparisons with satellite data.

The only other remote technique now being developed is
by surface resclution and depth penetration.
all weather capability.

wave which is limited
The py wave, however, does offer

8. TECHNICAL PROBLEMS:

A strong, spectrally broad fluorescence from unknown cunstituents in the
water can limit salinity measurement. This background level must be measured

under a variety of field conditions before the utility of this technique can
be assessed.

9. POTENTIAL ALTERNATIVES:

The p wave system is another remote measurement technique being developad
for salinity, but does not penetrate to any appreciable depth.

Laser-Raman Scattering Technique alse by Hirschberg and Bland, University of
Miami/KSC  KSC RTOP 177-70-91

10. PLANNED PRCGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP 506-18-12 is presently funding this study.

EXPECTED UNPERTURBED LEVEL 6_

11. RELATED TECHNOLOGY REQUIREMENTS:

Development of reliable high power pulsed lasers,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

== —

F;

Techniques for Ocean Salinity

1. TECHNOLOGY REQUIREMENT (TITLE): Develop Remote Monitorin®’AGE 3 OF _3

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

4, Array Space Checkbut
5.

SCHEDULE ITEM 76176 ]77|78]79]80181]82|83]84135(86]37]|88}{89]90]91
TECHNOLOGY ?
1. Component Tasks =
2. Array Fabrication 1
3. Array Ground Task A

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)
3. Operations
4,

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

TOTAL

NUMBER OF LAUNCHES

. 14. REFERENCES:

OR MATHEMATICAL MODEL,

15. LEVEL OF STATE OF ART

1, BASIC PHENOMENA OBSERVED AND REPORTED.
2. THEORY FORMULATED TO DESCRIBE PIIENOMENA,
3, THEORY TESTED BY PHYSICAL EXPERIMENT

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATEI"..L,, CONMPONENT, ETC,

8. COMPONFNT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARDRATORY,

¢, MODEL TESTED IN AIRCRAFT ENVIRONMENT.

7. MODEL TESTED iN SPACE ENVIRONMENT.

8. NEW CAPAMLITY DTRIVED FROM A MUCH LESSER
OPERATIONAL MODEL,

9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,

10, LIFETIME EXTENSION OF AN OPERATION.At, MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE): Multi-Spectral Imaging. PAGE 1 OF _2_

Systen Studies far Plansi LT (ol E . nent

2. TECHNOLOGY CATEGORY: Improved multi-spectral imsging system design for
3.Sc6ml%ﬁﬁﬁfKWiWEMENT REQUIRED: System studies for low-weight optics,

low— 1l 1 iation— 1 T

tical systems to optimize a multi-spectral imaging system for planetary and

teéfﬁ?ﬁﬂ?’i‘ ﬁﬂﬁﬁf”ﬁh [elescopes designed for remote sensing on_unmanned

] £ and liatign=resistant glase types that SEver-
o1 e +ral rangs. HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

Multi-spectral imaging systems have exterded the desired operating range from
near UV to near IR (.25 to 8y ). Present optical systems flying on planetary
and Earth orbiting missions do not have this wide spectral transmission
throughput.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,O0 B, ¢/D

6. RATIONALF AND ANALYSIS:

a. Improved scientific instrument design for light-weight and low-power sub-
systems, The anplications also require large spectral range for optics.

b. All reflective optical system design trade-offs can possibly imprave the
present optical designs for multi-spectral imaging instruments.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT(TITLE): _Multi-spectrgl imaging  PAGE 2 OF 2,

System Studie:. for Planetary and Terzestrial Experiments

7. TECHNOLOGY OPTIONS:

An alternative to broad spectral optics would be to have multiple telescopes
to cover the desired spectral range. This would not be cost-effective in the
long run,

8. TECHNICAL PROBLEMS:

Focal plane will be significently different throughout the spectral range,

9. POTENTIAL ALTERNATIVES:

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY R .QUIREMENTS:
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DEFINITION OF TECHNOLOGY RFQUIREMENT NO. .
1. TECHNOLOGY REQUIREMENT (TITLE): Real-Time, On-Bgard Data PAGE 1 OF _3a

ar {tor Qnml iz

~Brocessing and Analysis llging Micraprocegs i
Inﬂ%péﬁa@gﬁ&&&&for terrestrial and Planetary Investigations.

1nn

3. OBJECTIVE/ADVANCEMENT REQUIRED: Near real-time processing of multa-

1+ 528y AR T 8% SRR 7P KRS “Raliable microprocessing on single chips, Fave ado

ime -

R . . . GARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

An on-board data processing system using mic roprocessors for special application
such as comparison of rock reflectance spctral signatures for indicators of
possible subsurface mineralization of economic value, or oil slick detection,

P/L REQUIREMENTS BASED ON: [] PRE-A,[ A,[0 B,[0 ¢/D

6. RATIONALE AND ANALYSIS:

a. Experience with ERTS and Skylab EREP has shown that their multi-purpose
scanner system fall short of yielding optimum results for specific tasks by

the very nature of their generalized design. In particular, the spectral bands
are often too broad or mispleced, For particular applicatinns, experience has
shown that 9C% of the data returned is not directly applicable and exorbitant
amounts of expsnsive time on large computers are required to exiract the desired|
data to complete the analysis. Performing near rsal-time image processing
calculations on-board and producing a completsly analyzsd picture product which
highlights the alteration zones would be possible,

b. An on-boerd processing system should bs doveloped to sufficisnt maturity
to allow sxperimental damonstration on-board Shuttle for Earth applications end
instrument design modifications for future planetary missions,

70 BE CARRIED TO LEVEL —
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The on-board processing has technology options to:

1. Develop fasier microprocessor.
2., Look at parallel processing by use of multiple processors.

3, Trade-off with specialized analog/or digital logic for specific processinrg.

8. TECHNICAL PROBLEMS:

Use in Jovian Orbital Mission will require radiation hardenings -

Faster processing may requirs more on-board data storage to match bendwidth of
dark side.

9. POTENTIAL ALTERNATIVES:

Continue use of large computers on ground with anvlai ground data handling p:éobi'; .

»

lems. - B - .

10. PLANNED PROG™AMS OR UNPERTURBED TECENOLOGY ADVANCEMENT:

RTOP #645-30-08 "Specialized MultiuSpactral.tmaging and Analysis Syetgm"

+

11. RELATED TECHNOLOGY R’EQWM‘
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

-
——

| e .
1. TECHNOLOGY REQUIREMENT (TITLE)Real-Time, On-Board Data PAGE 3OF _3_.

Processing and Analysis Using Mj -

TM‘aEIng Rpplications both for lerrestrial and Planetary lnvestigations
12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 177]178]79]80(81]82]83|84]35|86]87]88]89]90}91

TECHNOLOGY
1.

2,
3.
4,
5.

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)
3. Operations
4,

13. USAGE SCHEDULE:

1
TECHNOLOGY NEED DATE TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

Paper presented at Symposium on Charge-Coupled Device Technology for Scientific
Imaging Applications, 6 March 1975 at JPL, entitled: "A Specialized CCD Imagingh
and Analysis System for Earth Resources Application Problems."

15, LEVEL OF STATE OF ART 8. COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

MODEL TESTED IN AIRCRAFT ENVIRONMENT,

MODEL TESTED IN SPACE ENVIRONMENT.

1. BASIC PHENOMENA ORSERVED AND REPORTED.
2. THEORY FORMULATED TO DESCR!BE PIIENOMENA,

8. TAFRORY TESTED BY PHYSICAL EXPERIMENT NEW CAPARILITY DERIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL, OPERATIONAL MODEL.

- -3 &
* e @

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9, RELIARILITY UPGRADING OF AN OPERATIONAL MODEL,
E.G., MATERIAL, COMPONENT, ETC, 10. LIFETIME EXTENSION OF AN OFLRATIONAL MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT {TITLE): Multi-Spectral Eartih PAGE 1 OF _2_
Reso; Facsimils §

2. TECHNOLOGY CATEGORY: Sensors and Data Acquisition
3. OBJECTIVE/ADVANCEMENT REQUIRED:__ Provide low-cost, multi-spectral,

liopetricall libratable i ¢ " Y I

4. CURRENT STATE OF ART: ALl current multi-spectral images of earth resource
E A/C S/C platf b1l .. l I Jicmeter
£i1 HAS BEEN CARRIED TO LEVEL —

5. DESCRIPTION OF TECHNOLOGY

The facsimile imager consists of a multi-spectral scanning radiometer, whose
output may be a standard images or radiometrically accurate spectral data array.
The Multi-Spectral Earth Resources Facsimile Scanner would be similar in perfor-
mance to the Facsimile Cameras on the Viking Mars Mission, but would be tailored
for operation remotely on earth. The cameras would centain spectral channels
that match chlorophyl reflectance, Fraunhcfer line, forest fire detections, oxr
any other visible or near infrared wavelength or band depending on the applica-
tion, Modification in-situ would be simple process-and would make such systems
applicable to various Earth Resources Experiments from each instrument,

P/L REQUIREMENTS BASED ON: [] PRE-A,[J A,0 B,J ¢/D

6. RATIONALE AND ANALYSIS:

The MERFS would be the only system which could produce radiometrically accurate
imagery data in one instrument with multi-spectral capability. The data rates
which facsimile cameras use are compatible with many inexpensive terrestrial
data rates. Facsimile cameras are low power and low weight, making them ideal
for remote sensing both inactive experiments and practical applications such as
forest health and fire detection. The low-cost of a developed system on a unit-
to-unit basis plus their adaptability to a particular application would make
them accessible to many users such as universities and other elements of the
private sector,

T

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT(TITLE): _MERFS PAGE 2 OF 2_

7. TECHNOLOGY OPTIONS:

Many technology options are available for MERFS systems for adapting them to
particular tasks. These range from low power operation, simple systems to many
channel sutomated versions utilizing microprocessors. Since all relevant tech-
nology exists, each MERFS could readily be tailored to a particular user need.

8. TECHNICAL PROBLEMS:

Since basic technology and implementation have been proved, no technical prob-
lems precluding operation ere known.

9. POTENTIAL ALTERNATIVES:

There exists the possibility of utilizing CCD array systems with a multi-spectral
capability, but these will never approach the flexibility of irdividual sensor
heads and scanning capability of the MERFS,

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

An earth resources camera of limited capability is currently under development.

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

None
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SECTION D: MICROWAVE SYSTEMS SENSING PAYLDADS

D-1 ADVANCED MICROWAVE RADIOMETER SYSTEMS

Application

This is an earth oriented microwave radiometer system which measures
important oceanographic and meteorological characteristics that are covered
under the Qutlook for Space objectives: Water Availability (012), Large Scale
Weather (021), Global Marine Weather (026), Local Weather and Severe Storms
(031), and Stratospheric Changes and Effects (024). The oceanographic meas-
urements that would be made include sea surface temperature, roughness (ocean
wave structure), fractional foam coverage, and inferred wind speed. These key
parameters are needed to increase man's understanding of the ocean/atmosphere
interface and its influence on world weather and climate, hurricane and severe
storm development, surface currents and areas of upwelling and its relation to
marine biological productivity, and alsc to identify and forecas* dangerous
sea state conditions for ship re-routing. The primary meteorolcgical measure-
ments to be made are humidity profiles, cloud liquid-water content, vertical
temperature, moisture and rain profiles, cloud top temperatures, and the verti-
cal distribution of atmospheric trase constituents such as ozone. These latter
measurements would also have important application to the previously cited
needs associated with weather and heat balance of the earth. In addition,
they would provide the important vertical profile data needed to develop and
test three dimensional forecasting models of global weather and storms. These
latter data would also provide a means for monitoring storm surges, tracks, and
identification of regions where clear air turbulence may be encountered.
Payload Description

The payload consists of a group of six microwave radiometers which have

center frequencies located at approximately 2.0, 6.0, 22.0, 60, 118, and 183 GHz.
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These radiometer systems can be subdivided inte nadir viewing (2.0, 6.0, 22.0,
and 60 GHz) and limb scanning (60,118, and 183 GHz) radiometer instruments.

The 2 and 6 GHz nadir viewing instruments are swent (or stepped) frequency wide
bandwidth radiometer systems that are optimized for detection of radiometric
signatures (polarization, viewing angle, and frequency) associated with sea
surface temperature, roughness, foam coverage, and wind speed. These surface
characteristics are all inferred from a radiometric measurement of surface
brightness temperature determined at discrete microwave frequencies within a
narrow bandwidth. Since all of these sea surface parameters affect the
measured brightness temperature, measurements must be made over a range of

frequencies in order to decouple this interaction. The 2-6 GHz frequency band

was selected to maximize differences in the effects of these sea surface parameters

on the brightness temperature-microwave frequency function so that decoupling
can be accurately performed. The third nadir viewing radiometer is functionally
the same as the Tirst two but is sensitive to the 22 GHz water vapor band. The
sweep frequency capability of this radiometer is used to measure both absolute
attenuation and width of the water vapor line so that tropospheric water vapor
profiles can be determined., I3 addition, this radiometer may be useful for

rain rate measurement. The 60 GHz radiometer or Microwave Temperature Sounder
(MTS) which can be used in either the radio viewing or limb scanning mode con-
sists of twelve channels within the 60 GHz resonance region of molecular aoxygen.
It can be used to determine atmospheric temperature profiles from the brightress
temperature distribution aver the twelve microwave channels. The last two limb
scanning radiometers are semsitive to upper atmospheric molecular oxygen temp-
erature (118 GHz) and water vapor (183 GHz) and operate on the same principles
previously described, Finally, it appears technically feasible to moaify the

MTS instrument to allow measurement of trace atmospheric constituents such as
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CO (115 GHz), 02 (183 GHz), and N,O.

The essential technology developments and feasibility demonstrations of
the instruments needed for this payload should be completsd in time tor a 1983
launch as indicated in the attached technology requirements documents, This

schedule is such that it will directly benefit the following Dutlook for

Space Systems:

System # Title Launch Date
2007 Long Wavelength Passive Microwave System 1986
2011 Weather Survey System I-Development 1984
2027 Sea Survey System-Development 1985
2022 Stratospheric 0zone Monitoring Systems-Development 1985

Technology Advancement Required

The technology advancements required for this payload and associated
readiness dates are radiometer components (1982), deployable reflector antennas
(1982), and electronically scanned phased array antennas (1984). Technical
details 3f the radiometer components are covered in the Appendix which follows.

The antenna technology is covered in Section E,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

m

1. TECENOLOGY REQUIREMENT (TITLE): Advanced Radiomeler PAGE 1 OF _4_

c enr M L Milli " Remote Sensing
2. TECHNOLOGY CATEGORY: Envirgnment
3. OBJECTIVE/ADVANCEMENT REQUIRED; Ncvelopment of wide band, low loss,

1 on n : low noi ivers: and optimum standardized elec-
I . I .. + the IF si £ ;i /millimed i3 I

4. CURRENT STATE OF ART: A_swept frequency, actave bandwidth radiometer
operating in the 4-8 GHz range is currentlv under development, With the excep-

5. DESCRIPTION OF TECHNOLOGY

Conceptually, the microwave radiometer is no more than a simple RF receiver that
measures thermal radiation collected by an antenna over a band of frequencies.
However, for the data to be cf value to the user, care must be exercised in the
design and fabrication of the instrument. For example, if one wished %o ramote-
ly detect a 19K change in ocean temperature, the instrument must be desiyned to
resolve a difference in power level of only 0.013 dB, If accurate absolute
measurements are to be achieved, extreme care must be taken to minimize the
effects of component losses, thermal instability, and gain instability. These

problems were solved at S-band during the development phase of a precision,
narrow-band radiometer sponsored under the AAFE program. ;

For wide band operation, the key developmental elements in the front end of the
radiometer are (1) the Dicke switch that provides modulation by alternately
switching between the antenna and an internal reference noise source; (2) the
RF amplifier; and (3) the mixer that down-converts to IF for subsequent amplifi-
cation and detectioR/L REQUIREMENTS BASED ON: [] PRE-A,[J A,00 B, ¢/D

6. RATIONALF AND ANALYSIS:

The ele¢tromagnetic spectrum spanning wavelengths between 25 cm and 8.1 cm have
great potential for routine remote sensing of the earth, ocean, and the atmos-
phere, At the long wavelength, the atmosphere is virtually transparent; hence,
the earth and the ocean can be viewed, independent of cloud cover and rain. The
long wavelengths also tend to penetrate imperfect conductors of electricity,
allowing unique measurements such as (1) "seeing" through some vegetation to
obtain soil characteristics, and (2) obtaining water temperature averaged over

a few centimeters of depth.

As the wavelength decreases, the radiometer becomes a remote sensor of the at-
mosphere and the earth surface under clear weather conditions., Atmospheric
properties such as temperature and density can be inferred by measuxing the
radiation from water vapor and oxygen resonant lines, The highly dispersive
(frequency dependent) nature of rain suggests that multi-wavelength measuremsnts
will provide a profiling capability.

These are but a few of the remote sensing applications of microwave radiomstry.
The fact that differsnt phenomena are accentuated over the 250:1 wavelength
rangs strongly points to a need for multi-wavelength measurements.

TO BE CARRIED TO LEVEL 8
s—
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
—]
1. TECHNOLOGY REQUIREMENT(TITLE): _Advanced Radiometer PAGE 2 OF 4.
Mi illi W Sensing

7. TECHNOLOGY OPTIONS:

For some applications, the number of independent radiometric meisurements can be
reZuced by utilizing active systems. For example, heavy weather cells can be
profiled by comparing rain scatter as a function of time from a three-frequency
short pulse weather radar,

Synthetic aperture radars can also provide imaysc of terrain/ocean roughness
characteristics where resolution of a few tens of metere is required.

Many phenomena, however, cannot be resolved with active systems, because
vadiometers are inherently more sensitive instrumenis.

8. TECHNICAL PROBLEMS:

l. Advances in fabrication technology is required for constructing wide band
Dicke switches at the shurt wavelength,

2, Development of staggered-tuned parametric amplifiers is required at all wave-
lengths to obtain low-noise, wide band operation.

3. Development of nump sources foxr parametric amplifiers is required at the
shorter wavelengths,

4, Development is required for impedance matching of wide band mixers at the
shorter wavelengths,

Y. POTENTIAL ALTERNATIVES: The alternate approach is to construct separate
radiometers for each observational wavelength. The advantages of this approach
are (1) much less component develcpment will be required, and (2) the receivers,
being independent, do not require a time-share mode and can therefeore view the

scene for a longer period. The disadvantages are (1) more volume and power are
required as the number of channels are expanded; (2) separate instrument biases
may compound the error in both absoclute and relative radiometric measurements; and
(3) no ultra-wideband mode is available for rapid-scan radiometric imaging.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

A 4-8. GHz radiometer is being fabricated under RTOP 175-20-30, and an 1826 GHz
instrument is being planned. This RTOP, however, does not cover major compo=-
nent development to push the state of art at the higher frequencies., Erperiment
definition studies have also been done under the RTOP 750-01-12,

EXPECTED UNPERTURBED LEVEL 6

11. RELATED TECHNOLOGY REQUIREMENTS:

Large aperture, scannable, wide band antennas,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
= — [ —
1. TECHNOLOGY REQUIREMENT (TITLE):Advanced Radiometer PAGE 3OF 4__

Components for Microwave gnd Millimete v mo nging

12. TECHNCLOGY REQUIREMENTS SCHEDULE;:
CALENDAR YEAR

SCHEDULE ITEM 75176 |77178}79]80|81]82|83]84]35{86}87]88]89[90]91

TECHNOLOGY
1.BreadbBoard 4-8 GHz Rad

2 .Breadboard 18-26 GHz

3.Develop Low Freq.
Staggered Tunnel Para.
4'Develop Wide Band, Low
Noise Comps.
S+Breadb, Adv, Wide B.Rad
i T

t
APPLICATION
1. Desi Ph. C) Mod 1
ign ( ) Mod 2
2. Devl/Fab (Ph, D) Mod ]
Mod 2
3. Operations Mod 1
4. Mod 2

13. USAGE SCHEDULE:

' T
'TECHNOLOGY NEED DATE 1 TOTAL

NUMBER OF LLAUNCHES

14. REFERENCES:

1. "Development of a Satellite Microwave Radiometer to Sense the Surface
Temperature of the World Oceans," by G. M. Hidy, et ale, NASA CR-1960, Feb.1972.

2. "An S-Band Radiometer Design with High Absolute Precision," by W. N. Hardy,
K. W. Gray, ard A. W. Love; IEEE Trans, Microwave Theory and Techniques; Vol.
MTT-22, pp. 382-390, April, 1974,

*#3, "Studies in Microwave Radiometric Sensing of the Ocea.," Final Report,
Contract NAS1-10691, Rockwsll International.

*Includes conceptual design for a swept frequency radiometer,

15. LEVEL OF STATE OF ART 8. COMPONFNT OR ARREADBOARD TESTED IN RELEVANT

i fae ENVIRONMENT IN Tiit LABORATORY,
1. BASIC PHENOMENA ORSERVED AND REPORTED. 6. MODEL TESTEDIN A 'CRAFT ENVIRONMENT,
2. THEORY FORMULATED TO DESCR!BE PIUENOMENA. 7. MODEL TESTED IN SPACE ENVIRONMEN'T,
3. THRORY TESTED BY PHYSICAL EXPERIMENT

R 8. NEW CAPARILITY DERIVED FROM A MUCH LESSER
OR MATIEMATICAL MODEL,, OPERATIONAL MODEL.
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,

E.G., MATERIAL, COMPONENT, ETC,

10, LIFETIME EXTENSION OF AN OI'LRATION.\!. MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

et um———"

1. TECHNOLOGY REQUIREMENT (TITLE): Advanced Radiometer PAGE 4 OF 2 _
Components for Microwave and Millimeter Wave Remote Sensing

4, CURRENT STATE OF ART: {cont'd,)

of the antenna, all the front end components perform satisfactorily over the
bandwidth,

Present wide band receiver technology is such that 600%K is the lowest noise
temperature that can be achieved. The noise temperature, sub-bandwidth and
integration time impact upon the measurement resolution of brightness tempera-
ture.

REPRODUCIBILITY OF THE
QRIGINAL PAGE I POOR
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1. ADVANCED IMAGING RADAR
Application

The Imaging Radar, an active microwave sensor has the capability to fill
one or more roles in earth and ocean observation activities. It can serve as
a complementary sensor providing an extension of the spectral description of
the phenomena, oxr as a supplementary sensor providing an extension of observa-
tion coverage of the phenomena. It serves as a unique sensor providimg infor-
mation which is unobtainable by other sensors. It has all weather, day, and
night capability. It can be used for the following observations and assessments:
lake ice measurements and navigation, oil spill detection and measurement, land
use, soil moisture, soil type, petroleum and mineral exploration and geographic
applications, snowfield mappling, disaster assessment and relief (floods), water
resources, agriculture, forestry, range, crop identification, land use (urban,
regulatocy and cartographic applications), pollution monitoring, iceberg charting/
sea ice/polar mapping/navigation/ship monitoring, and wind and wave measurement.
Imaging radar is also expected to find application in personnel search and rescue
missions rising passive (reflector) targets deployed by vehicle in emergency
situatiaons,.
Payload Description

The proposed payload consists of a synthetic aperture radar (SAR), a device
in which the time-~doppler record of a radar signal is appropriately processed to
obtain spatial resolution well within the diffraction limit of the transmitter/
receiver antenna. The range coordinate of the image is developed by transmitting
a short pulse and recording the time history of the reflected signal, with the

resolution being directly proporticnal to the transmitted compressed pulss width,
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The azimuth coordimate of the image is achieved by processing the signal thraugh

a filter matched to the known doppler history of a ccatterer as it passes through

the along-track beamwidth of the antenna. The resolution in azimuth is inversely

proportional to the fime scatterer appears in the antenna beam. The response

tc a given frequency depends on the characteristics of the target. This sensor

system could be ready for Shuttle Orbiter operations by 1983,

Technolony Advancement Required

Technology advances are needed:

1.

2.

K

4.

To prevent voltage breakdown of high power transmitters.
In the development of onboard solid state megabit data processors.

In the development of a solid state device to obtain pulse compression
approaching one nanosecond,

In the development of large erectable multi-beam antennas. (see Section F).

Progress should be made in these areas starting now if the advanced imaging

radar is to be flown in +the 1985 time frame.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

e —————————r

L. TECHNOLOGY REQUIREMENT (TITLE): Advanced Imaging Radar  PAGE 1 OF 4_
System for Remote Sersing

2. TECHNOLOGY CATEGORY: _Environment

3. OBJECTIVE/ADVANCEMENT REQUIRED: Development of high power transmitters
high datg rate on-bogrd image processors, and multiple (or time share) systems
to develop large swathwidth imagery,

4. CURRENT STATE OF ART:Within NASA aircraft imaging radars utilizing opti-

cal recorders, achisve a resolution of 20 meters gnd a swat“-width of 16 km,
{cont on page 4) HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

The synthetic aperture radar (SAR) is a clever technique, conceived by Carl
Wiley, in which the time-doppler record of a radar signal is appropriately
processed to obtain spatial resclution well within the diffraction limit of the
transmit/receiver antenna. The range coordinate of the image is developed by
transmitting a short pulse and recording the time history of the reflected
signal, with the resolution being directly proporticnal to the transmitted com-
pressed pulse width. The azimuth coordinate of the image is achdieved by pro-
cessing the signal through a filter matched to the known dsppler history of a
scatterer as it passed through the aslong-track beam-width aof the antenna. The
resolution in azimuth is inversely proportiona’. to the time the scatterer app-
ears in the antenna beam,.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,(J B,[J c/D

6. RATIONALF AND ANALYSIS:

The LANDSAT spacecraft experience has shown that the user of satellite remote
sensing data‘is interested in high resolution, multi-spectral images cof a large
swath of real estate. The imaging radar has the potential of providing all of
this capability plus the additional features of penetrai ng clouds and of ob-
taining data during the night. This extended capability should attract more
wide-spread user interest in satellite remote sensing data.

TO BE CARRIED TO LEVEL =
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DEFINITION OF TECHNOLOGY REQUIRFMENT NO.

—
——

System for Remote Sensing

_———___—_—%

1. TECHNOLOGY REQUIREMENT(TITLE): _Advenced Imaging Radar _ PACE 2 OF 4

T

7. TECHNOLOGY OPTIONS:

The user of remote sensing data is simultaneously pushing for finer spatial
resolution and greater cross-track swath width. For a given transmitter
power level, these are iacompatible constraints for the imagi-g radar,
i.e., fine resolution can be achieved only at the expense of reduced swath
width, The possible options to overcome this difficulty are:

(1) Development of high power (perhaps megawatt) transmitters.

(2) Development of a parallel (or time share) transmitting system which
will feed several antennae with contiguous bzams to provide extended
swath w.dth. )

(3) Developmert of a two-mode system, whereby the first mode yields a
coarse image with large swath widt ., and the second mode provides
a "zoom" capability fo.' narrow field-of-view, fine imagery.

(Cont'd. on p. 4)

8. TECHNICAL PROBLEMS:

l. Advances in technology needed tc prevent voltage breakdown of high power
transmitters.

2. Advances are required in the development of onboard solid state megabit
data processars.

(Cont'd, on p. 4)

| S

Y. POTENTIAL ALTERNATIVES:

The potential alternative is to utilize resl aperture techniques to
develop resolution in azimuth end/or range. This, howsver, recuires an
aperture 2f dimension approaching 10 km. This technology will probably
not be available until the end of the century.

STy

P

et

10. ’LANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Development of key components for an imaging radar has been pursued undex
160, 161, 645, and 638 RTOP's; however, the funding has been seriously cut
back. CCD technology is currently being funded under €38 (AAFE) to develop
analog, solid state matched filters.

EXPECTED UNPERTURBED LEVEL
 11. RELATED TECHNOLOGY REQUIREMENTS: .

Charge~coupled devicee (CCDe), srsctible muliibeam qnteziﬁ'dqa.“' SO

-
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

f—

1.

TECHNOLOGY REQUIREMENT (TITLE): Advanced Imaging Radar PAGE 30F 4

System for Remote Sensing

12.

TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 |77]78]79]80]81

62183]84]35/86]87]88]89]90]91

1.
2.
3.
4.
5.

TECHNOLOGY

Analyses

Adv, Component Dev.

Fzb. Breadboard

Fab, S/C Prototype

A/C Test of Prototype

1.
2,
3.

4.

APPLICATION

Design (Ph. C)
Devl/Fab (Ph. D)

Operations

13.

USAGE SCHEDULE:

TECHNOLOGY NEED DATE

)
TOTAL

NUMBER OF LAUNCHES

14,

1.

2e

15.

REFERENCES:

The theory of the SAR is outlined in Chap. 23 of "Radar Handbook," by‘

M. I. Skolnik, ed., McGraw-Hill, 1270,

Justification for the imaging radar for earth and ocean physics applicetions
will appear in the forthcoming proceedings of the NASA Active Microwave
Workshop held in Houston during the summer of '74,

A summary of the technology required to obtain a spacecraft imaging radar
prior to 1980 is discussed in an AAFE proposal entitled "Coherent Imaging
Radar" by W. E. Brown, Jr., dated May 15, 1973.

LEVEL OF STATE OF ART

1. BASIC PHENOMENA OBSERVED AND REPORTED,

2. THEORY FORMULATED TO DESCRIBE PUENOMENA,

3. THEQINY TESTED BY PUYSICAL EXPERIMENT
OR MATHEMATICAL MODEL,

4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED.
E.G., MATERIAL, CON PONENT, ETC,

COMPONFNT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

MODEL TESTED IN AIRCRAFT ENVIRONMENT.

MODEL TESTED IN SPACE ENVIRONMENT,

NEW CAPARNILITY DERIVED FROM A MUCH LESSE..
OPERATIONAL MODEL,

RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,

LIFETIME EXTENSION OF AN OI'LRATION.At. MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

w
1. TECHNOLOGY REQUIREMENT (TISLE): Advanced Imaging Radar

System for Remote Sensing

PAGE 4 OF _4_

4. CURRENT STATE OF ART: (cont'd.)

The SeaSat A imaging radar will achieve 25-50 meter resolution and a swath
width of 20 km, Solid state data processing will be used on SeaSat. The
state of the art within DOD is not known. '

7. TECHNOLOGY OPTIONS: (cont'd.)

(4) Explore the possibility of using ambiguous PRF to improve the
overall signal-to-noise ratio.

8. TECHNICAL PROBLEMS: (cont'd.)

3. Advances are required in the development of a solid state device to
obtain pulse compression approaching 1 nanosecond.

4, SAB techniques cannot be used as geosynchronous altitudes, since
relative motion between the earth and the satellite is required
to construct the synthetic apexture.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE): Onboard Data Pre- PAGE 1 OF 3_
Processing/Management Using CCD Technology

[

. TECHNOLOGY CATEGORY:

OBJECTIVE/ADVANCEMENT REQUIRED:_Multispectral/radar imaging gross

data characterization and dynamic vehicle operational status determination.

Adjustable algorithm CCD processors required.

e

CURRENT STATE OF ART: _Possibility will be demonstrated September, 197S.

Level 4 for adjustable devices - Level 6 for fixed tap devices.,

HAS BEEN CARRIED TO LEVEL __

J.

DESC RIPTION OF TECHNOLOGY

. CCD fixed tap weight devices performing particular computations have demon-
~ struied higher processing rates than large computers through the large amount

of parallel processing and the wide dynamic range of sampled analog infor-
mation under manipulation. This many orders of magnitude improvement in
size, weight and power makes onboard processing a ressonable solution to some
of the data transmission problems. Device designs and tradeoffs must be

made in the direction of decreasing this advantage to allow variable
algorithms, and this work is currently undexrway.

P/L REQUIREMENTS BASED ON: 7] PRE-A,[J A, B,00 ¢/D

6.

RATIONALFE AND ANALYSIS:

(2) SeaSat A imaging radar requires 70 Mb/sec data link for transmission of

(b)

(c)

(d)

radar return data and slow image processing on general purpose computer
driving AAFE-CCD SAR IPM,

All payloads may benefit from this new technology, some to a lesser
degree.

Makes imaging radar feasible; adjustable algorithm devices will
allow multiple missions from same hardware configuration, changing
only sensors, algorithms, and desired outputs.

Level of technology maturity should start with Shuttle mission then
be carried to Venus Probe/VOIR,

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT(TITLE): _Onboard Data Pre- PAGE 2 OF 3_

Processing_/llanagement Using CCD Tecknology

7. TECHNOLOGY OPTIONS:

The main viable alternative to this te=chnology is a special purpose digital
computer which would consume many orders of magnitude more size, weight,
power to perform a similar function.

8. TECHNICAL PROBLEMS:

Potential problems are in the maximum resolutions achievable, and in the maximum
and minimum serial data rates. Other potential problems are in MOS and surface

state instabilities exhibited in a radiation environment.

Y. POTENTIAL ALTERNATIVES:

Increased data rate communications links and large onboard memories or
world-wide data receiving network.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:
502-52-03 (?) - Electron Devices to Demonstrate Feasibility of Such Devices

AAFE Exp. SAR-IPM at JPL to demonstrate imaging from radar return data in an

aircraft experiment using a uniquely designed fixed tap weight device. Semi-
conductor manufacturers sea no ground use competitive advantage in this area,
therefore, expected unperturbed Level 4.

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

Algorithm determinations from users.

SEPRODUCIBILITY QF THE
150 HRISNAL PAGE IS POOR

o
ST SR
T

[7




LR

[T

DEFINITION OF TECHNOLOGY REQUIREMENT NO, |
. ~
1. TECHNOLOGY REQUIREMENT (TITLE); Onboard Data Pre- PAGE 30F _3_

Processing/Management Using CCD Technology

12.

TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75]76]77}78]79]80]81

82

83}84]35186]87]188}89/90]91

3

4

5

-
o]

i

Svstems Studies
Dzsi:. Trade

Desiyn
Fabrication

Test Levels:

1

o
Jde

USAGE SCHEDULE:

TECHNOLOGY NEED DATE

T
TOTAL

NUMBER OF LAUNCHES

4.

14. REFERENCES:

15. LEVEL OF STATE OF ART

1,
2.
3.

BASIC PHENOMENA OBRSERVED AND REPORTED,

THEORY FORMULATED TO DESCRIBE PHENOMENA,

THEORY TESTED BY PHYSICAL EXPERIMENT
OR MATHEMATICAL MODEL.

PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATEHRIAL, COMPONENT, ETC,

. MODEL TESTED IN SPACE ENVIRONMENT,
» NEW CAPARILITY DERIVED FROM A MUCH LESSER

, RELIABILITY JPGRANING OF AN OPERATIONAL MCDEL,
. LIFETIME EXTENSION OF AN OI'LRATION.AT. MODEL.

COMPONFNT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LABORATORY.
MODEL TESTED iN AIRCRAFT ENVIRONMENT,

OPERATIONAL MODEL,
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2. LONG WAVELENGTH (PENETRATING) RADAR

The long wavelength radar system provides the ability to do near subsuxrface
sensing from spaceéraft or aircraft. Detection of 50il moisture can be done.
Near subsurface anomolies (minerals, water, man-made) are detcctable.
Payload Description

The long wavelength radar (transmitter, receiver, and variable angle narrow
beam antenna) transmitting at an appropriate wavelength and sufficient power to
penetrate the surface will acquire data from the backscatter return, to do near
subsurface mapping and soil moisture analysis,.
Technology Advancement Required

The long wavelength radar presents two major problems, The data processing
is extremely complex, additionally so because of earth surface returns. A large

antenna is required for the narrow beam long wavelength system.

;PRODUCIBLLIYY OF THE
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE): Long Wavelength PAGE 1 OF 4_
(Penetrating) Radar System Development
2. TECHNOLOGY CATEGORY: _Remote Sensing

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Ability to perform subsurface
sensing using radar techniques from aircraft or spacecraft.

4. CURRENT STATE OF ART: _Laboratory and field experiments have been per-
formed to nrove feasibility. The Joint Soil Moisture Experiment (JSME) has shown
that moisture is detectable at depths of 10 Cm, HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

Microwave systems have been developed to obtain the back-scattered return

from land and water surfaces. Due to changes in dielectric constant pene-
tration of the surface could detect (1) buried items in construction sites
(pipes, etc.), (2) hidden items in other areas, and (3) near surface water,
mineral deposits, etc. A microwave system will be developed which utilizes

a transmitter, receiver, and a variable angle narrow beam antenna. The

system would transmit adequate power at an appropriate wavelength to penetrate
the surface and provide data or a map of the back-scatter return.

P/L REQUIREMENTS BASED ON: [X] PRE-A,[] A,[0 B, ¢/D

6. RATIONALF AND ANALYSIS;

(a) Radar as a remote sensor has great potential for sensing surface
phenomena.

(b) This potential would be greatly improved by extending the ability of
radar systems to sense below the surface to a depth of several
meters.

(c) Study, analyses and field testing of such a system will provide the
technology improvements (primarily in the area of data analysis) to
make a prototype system feasible.

TO BE CARRIED TO LEVEL T
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

———
—— v

=

—

1. TECHNOLOGY REQUIREMENT(TITLE): Long Wavelength PAGE 2 OF 4

(Penetrating) Radar System Development

7. TECHNOLOGY OPTIONS:

Use magnatometers in aircraft or orbital spacecraft to sense anomalies in the
earth's magnetic field which may be relaxed %o subsurface phenomena.

8. TECHNICAL PROBLEMS:

le Surface reflections from the earth,
2, Size of -ntennas needed for system.

3. Complexity of data analysis.

Y, POTENTIAL ALTERNATIVES:

Perform such measurements on ground using antennas tightly coupled to the
earth's surface.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP 177-51-84, Joint Soil Moisture Experiment (JSME); currently investigating
depth of penetration of lower microwave and upper UHF frequencies into the

earth's surface.

EXPECTED UNPERTURBED LEVEL 5

11. RELATED TECHNOLOGY REQUIREMENTS:

Improved modeling techniques for electro-magnetic back-scatter phenomena.
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L DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE): Long Wavelength PAGE 3 OF _4_
(Penetrating) Radar System Development

j

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75176 |77]78179]80(81{82}83|84{35[86]87188{89/90]91

TECHNOLOGY
1. Analysis

2.Field T sts

3, Field DLata Analysis

4. A/C System Dev,

5. A/C Flight Test
6,A/C Data Eval,

APPLICATION
1. Design (Ph, C)

2, Devl/Fab (Ph. D)

3. Operations
4,

13. USAGE SCHEDULE:

1
TECHNOLOGY NEED DATE TOTAL

NUMBER OF LAUNCHES 21212121212 )2

14. REFERENCES:

(1) Feasibility Study of Electromagnetic Subsurface Profiling
R. M. Morey and W. S. Harrington, Jr.
EPA-R2-72-082, Oct 1972
(2) The Use of Complex Dielectric Constant as a Diagnostic Tool for the Remote
Sensing of Terrestrial Materials
R. S. Vickers and G. C. Rose, Contract No. F19628-70-.-0035,
Colorado State University, Aug (1971)

(3) Active Microwave Measurement of Soil Water Content
F, T. Ulaby, J. Cihlar and P. K. Moore, Remote Sensing of Environment, 3,
185-203 (1974)

(4) Remote Sensing of the Earth by Microwaves
K, Tomiyasu, Proc., IEEE 62, No. 1, 86-92, January (1974)

15, LEVEL OF STATE OF ART

8. COMPONFAT OR BREADBOARD TESTED IN RELEVANT
1

ENVIRONMENT IN THE LARORATORY,
BASIC PHENOMENA OBSERVED AND REPORTED,

. 8, MODEL TESTED IN AIRCRAFT ENVIRONMENT,
2, THEOR\. I-‘O.RMULATED 70 DESCR!BE PIIENOMENA, 7. MODEL TESTED IN SPACE ENVIRONMENT,
3. THEORY TESTED BY PHYSICAL EXPERIMENT 8, NEW CAPARILITY DERIVED FROM A MUCH LESSER
OR MATHEMATICAL MODE!,, OPERATIONAL MODEL.
4 PLERglNLNT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIABRILITY UPGRADING OF AN OPERATIONAL MODEL.
+G., MATERIAL, COMPONENT, ETC, 10, LIFETIME EXTENSION OF AN OF'LRATIONAY. MODEL.
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1. TECHNOLOGY REQUIREMENT (TITLE); Long Wavelength PAGE 4 OF 4_
(Penetrating) Radar System Development

DEFINITION OF TECHNOLOGY REQUIREMENT NO.

(5)

(6)

Application of Dielectric Constant Measurements to Radar Imagery

Interpretation
M. Leonard Bryan and R. W. Larson, Report, Environmental Research Institute

of Michigan, NASA Contract-21783, (1974)

The Response of Terrestrial Surface at Microwave Frequencies
W. H. Peake and T. L. Oliver, Technical Report No. AFAL-TR-70-301

Ohio State University May 1971
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3. CONDUCTIVITY MEASURING SYSTEM
Application

This system will be used to determine the conductivities of materials at
the earth's surface and subsurface., The data thus acquired will support other
earth observations.
Payload Description

The payload is a microwave system of two transmitters, receiivers, antennas,
phase meaéuring detection circuits, and a phase difference circuit. Conductivity
of surface and subsurfaces materials, a function of the dielectric constant of the
material, can be determined by measuring the difference in phase of the reflection
coefficients of two signals of different frequencies at the surface interfaces.
Technology Advancement Required )

The conductivity measuring system requires the development of stable phasu
measuring circuits, and data management systems. The effect of antennas on
phase measurement must be removed from the systems., Surface interface models

require definition,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE): Microwave Conductivity PAGE 1 OF _3
Measurement System Development
2. TECHNOLOGY CATEGORY: Remote Sensing

3. OBJECTIVE/ADVANCEMENT REQUIRED:___Development of e microwave measure-
for remote sensing to support earth observation application studies.

4. CURRENT STATE OF ART: Studies have been conducted to define the

measurement technigue, but hardware has not been developed to test the
HAS BEEN CARRIED TO LEVEL Z-__

concepta

5. DESCRIPTION OF TECHNOLOGY

Conductivity of surface and subsurface materials is a function of the
dielectric constant of the material., Conductivity can be determined by
measuring the difference in phase of the reflection coefficiencts of two
signals at different {requencies at the surface interfaces. A microwave
system will be developed which utilizes two transmitters, receivers,
antennas, phase measuring detection and difference circuits. The systrem
will transmit identical signals at two frequencies and detect the changes

in phase of the returned signals.

P/L REQUIREMENTS BASED ON: [¥] PRE-A,[J A,J B,[J ¢/D

6. RATIONALFE AND ANAIL YSIS:

(a) Radar as a remc%: zensor has a great potential for sensing surface
g

and subsurface phenomena.

(b) This potential would be greatly improved by developing techniques to
sense surface and subsurface interface interfares.

(c) Study, analysis and field testing of such a system will provide the
technology improvements (primarily in the area of data anelysis) to

make a protolype system feasible,
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TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

——————— t—— v ————

Microwave Conductivity PAGE 2 OF _3_

1. TECHNOLOGY REQUIREMENT(TITLE):

Measurement System Development

7. TECHNOLOGY OPTIONS:

Continue tn use presently available microwave sensors only to make measuxre—
ments in support of earth observation application studies,

8. TECHNICAL PROBLEMS:

1. Developing stable phase measuring circuits.

2. Developing stable difference measuring circuits,

3. Developing data handling and analysis hardwars.

4, Defining surface interface models.

5, Design of antennas to not affect the phase measurements,

Y. POTENTIAL ALTERNATIVES:

Use probes in the surface or subsurface layers to make the conductivity
measurements,

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Inhouse refinition studies at the Applied Research Laboratories at the
University of Texas at Austine

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREME! TS;

Development of flight worthy highly stable phase and difference meesuxing
circuits,
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Measurement System Development

LEFINITION OF TECHNOLOGY REQUIREMENT NO,
—_— — ﬁ
1. TECHNOLOGY REQUIREMENT (TITLE): Microwave Condugtivity PAGE 30F 3 _ ! )

12, TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 177]" \5F79 80181182]|83|84]55{86]87|88[89]90]91

TECHNOLOGY
1. Analysis

2, Electronic Dev,

3. Field Tests & Analys,

4, A/C System Dev,

5. A/C Tests & Analys,

APPLICATION
1. Design (Ph, C)

2. Devl/Fab (Ph. D)

3. Operations

4, ,
| ;

13. USAGE SCHEDULE: ?'
¥ i

'TECHNOLOGY NEED DATF, i TOTAL %
NUMBER OF LAUNCHES 2l2j2f2]2f2]2)2|2] 18 g

14. REFERENCES;

(1) Handbook of Electromagnetic Propagatien

vid Conducting Media,

M, Be Kraichman, Pages 2=1 thru 2-E, 10..
Ue Se Government Printing Office

Ty

(2) Electromagnetic Theory, Je Ae Stratton,

Pages 490 thru 500 and 505 thxu 516
McGraw=Hill, 1941

15. LEVEL OF STATE OF ART . -

1. BASIC PHENOMENA OBSERVED ANMD REPORTED, |
3. THEORY FORMULATED TO DESCRIBE PUENOMENAT
3. THRORY TESTED BY PHYSICAL rwgrum.\“l‘

OR MATHEMATICAI \IOMlu

~

4. PERTINENT FUNCTION OR ct‘amrﬂ:mm" mmmu
8.06., MATERIAL, SOVPONES! v ETC, i >

5. COMPONENT OR SBREADBOARD TESTED 5 MkLEVANT

ENVIRONMENT IN THE LARORAYORY, ]
6, MODEL TESTE™ IN AIRCRAPT ENVIRORMIENT. . P~
7. MODLL YESILD IN BPACE ENVIRONMENT, .~ 7« ~
P, NEW C/PABILITY DENIVED FROM uwm.ussuf
OPERATIONAL MODEL, - -~ -
9. RELUAPLITY UPGRADING OF AR OPCAATIONAL MODEL.
W, mmu ERTENSICN OF AN omumouu. anem. 22
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D-3 ADVANCED SATELLITE METEOROLOGICAL RADAR

Application

Feasible uses of a satellite meteorological radar system include the
followings

a. Sampling of rainfall data in tropical storms with sufficient
horizontal resolution (5-6 km cr less) to resolve the rain bands. Verti-
cal resolution of 1-2 km is required.

b. Gathering global rainfall statistics including otherwise in-
accessible regions of the earth.

c. Refinement of global water cycle information and study of the
atmospheric heat budget related thereto.

d. Testing rainfall predictions of present and near-teim future
numerical atmospheric models.

e. Rate of latent heat release cue to water condensation as an in-
put to numerical atmosnheric circulation modeis that may be developed in
the future.

f. Gap- ill‘ng data as an adjunct to ground-based weather radars and
as an aid in local severe storm prediction.

g. Use of surface backscatter information to study soil moisture,
crop vigor and height, and boundaries, and characteristics of sea and polar
ice.

h. Possible use of mean dopple shifts of raindrops as indicators of
horizontal winds at various altitudes ir rainstorms,

Payload Lescription

An advanced meteorological radar system, incorporating technolegy

gainei from a vigorous research program carried out aboard aircraft, is to

be flown on the Shuttle Orbiter. It will be cost and operationally con-
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strained, but will have the capability of demonstrating the utilaity of and
exercising the designs required for an advanced operational system beyond
1985.
Technology Advancement Required

Basic meteorological and radar data interpretation research must be
done. It is necessary to develop data interpretation schemes and algorithms
capable of coping with the constraints of the measurement problem and at
the same time being capable of on-board implementation. Developments are
required leading to large Butler-matrix phased array antennas. High power
spaceborne transmitters and low noise receivers aie needed. An extremely

large capacity on-board data handling capability is required.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE): __Advanced PAGE 1 OF 4_
Meteorological Radar

2. TECHNOLOGY CATEGORY: Weather and Climate

3. OBJECTIVE/ADVANCEMENT REQUIRED:_High power microwave tubes, lower

noise receivers, very large simultaneous multiple beam phased-array antenna

system, and large capacity on-board data handling and processing equipment.,

4. CURRENT STATE OF ART: 2 _kw peak power radar transmititer operated on Skylab

with duty cycle of 3 x 10-3, Aircraft meteorological radars é?.existence and
1040

(cont'd.) HAS BEEN CARRIED TO LEVEL 4_

5. DESCRIPTION OF TECHNOLOGY

Some current proposals for single frequency Shuttle meteorological radars for
1981 and beyond require two phased-array antennas, each 5 < 30 meters,
connected to a single transmitter but to 160 separate receiver channels. Each
channel would further be doppler filtered to achieve synthetic sharpening

of beams. Such schemes are recessary as opposed to scanning a single beam

to achieve large number of pulse samples per footprint and wide swath coverage
simultaneously. Each synthetically charpened receiver beam (800 total)

would need 40 or more range bins, resulting in overall data rate greater

than 1 Gbit/sec. Significant on-board data compression is thus required.
Transmitter powers of 15 kw peak or greater and 8 db or less noise figure

are required. To encompass the cloud top height measurement, these capa-
bilities must extend up to about 94 Ghz,

P/L REQUIREMENTS BASED ON: [X] PRE-A,[0 A,[0J B,0J ¢/D

6. RATIONALF AND ANALYSIS:

Active Microwave Workshop of 1974 emphasized feasibility and need for
satellite meteorological radars. Global rainfall rate and/or cloud height
would be of decided benefit to meteorological community. Passive microwave
sensors cannot resolve these height profiles; particularly difficult is

the quantitative determination of rainfall rates, because of the erratic
height variability associated with it. Although benefits are fairly definite,
the relationship between the obtained data and the meteorological situation
renuires research, as does the entire sensing and data interpretation

problem,

TO BE CARRIED TO LEVEL 7_
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT(TITLE): _Advanced Meteorologicel PAGE 2 OF 4

Radar

7. TECHNOLOGY OPTIONS:

Achieving the user requirements regarding resolution coverage, and accuracy
in global rainfall measurerents leaves little room for options in the overall
sense. In specific areas such as the means of achieving synthetic sharpening
of the resolution cell through uoppler techniques, there can remain choices
such as between doppler analog filtering or computational measuring of the
time-dor in signal. The latter would require more externcive cn-board data
processing capability. Another possibility would be the construction of

the three-dimensional radar reflectivity map of precipitation by a form of
microwave holography using a large number of effective antennas.

8. TECHNICAL PROBLEMS:

Development of data interpretation schemes and algorithms capable of coping with
the constraints of the measurement problem and at the same time being czpable of
on-board implementation,

Lerge Butler matrix phased array antennas.

High power spaceborne transmitters and low noise receivers.

Extremely large capacity on-board data handling capability.

Y. POTENTIAL ALTERNATIVES:

Laser radar would be a potential alternztive to mm radar waves for cloud top
height determination.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY + 'ANCEMENT:

AAFE meteorological aircraft radar program will provide b information
related to data interpretation and actual requirements and ccastraints for
satellite demonstration and operational radars.

Antenra development transmitter tube and receiver improvements, .14 ra-board
data handling capabilities which may be developed in connection with planned
Imaging Padars and Radiometers will have direct impact on the met, radar.

EXPECTED UNPERTURBED LEVEL 6

11. RELATED TECHNOLOGY REQUIREMENTS:

CCD devices for dsta processors.
Large antenna steering anc deployment devices.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

=

1. TECHNOLOGY REQUIREMENT (TITLE): Advanced _

PAGE 3 OF _4

Meteorological Radar

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDUL.E ITEM 75176 |77] 7817918081182 |83]84|35|86]187188189]|90}91
TECHNOLOGY
1,Aircraft met,
radar program (AAFE)
2.Shuttle Demonstration
3.0perational Satellite
met. radar
4.
5.
APPLICATION
1. Design (Ph. C)
2. Devl/Fab (Ph. D)
3. Operations
4.
13. USAGE SCHEDULE:
T
TECHNOLOGY NEED DATE TOTAL
NUMBER OF LAUNCHES i
14. REFERENCES:
15, LEVEL OF STATE OF ART 8. COMPONFNT OR BREADBOARD TESTED [N RELEVANT
ENVIRONMENT IN THE LARORATORY,
1. BASIC PHENOMENA OBSERVED AND REPORTED, 6. MODEL TESTED IN AIRCRAFT EXVIRONMENT,
2. THFEORY FORMULATED TO DESCRIBE PHENOMENA, 7. MODEL TESTED {N SPACE ENVIRONMENT.
3. THEORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPARILITY DLRIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL, OPERATIONAL MODEL.
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9, RELIARILITY UPGRADING OF AN OPERA F1ONAL MODEL.
E.G., MATERIAL, CONPONENT, ETC, 10, LIFETIME EXTENSION OF AN OFLRATIONAL MODEL.
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1. TECHNOLOGY REQUIREMENT (TITLE): _Acdvanced PAGE4 OF 4_
Meteorological Radar

S,

DEFINITION OF TECHNOLOGY REQUIREMENT NO. }
DESCRIPTION OF TECHNOLOGY: (cont'd. from p. 1) ;

and processing required for satellite case. Other radars and radio-

meters do currently incorporate required synthetic aperture techniques. i ’
5

Present on-board data handling capability is primitive compared to ultimate
needs,

DS i M SRS e S, Pt A N B X3

166

:
[

4 et pe——r

i

R

N

g

T S

. .o
B R L T

LU TP

P N

TR W e L s



——

sz e WIS K

SECTION E: JTECHNOLOGY DEVELOPMENT/EVALUATION PAYLDADS

E-1 LARGE DEPLOYABLE MICROWAVE rNTiZNNAS

1. ADVANCED ELECTRONICALLY SCANNED PHASED ARRAY ANTENNA

Application

The payload antenna will provide the accuracy necessary for microwave
radiometric sensing of the environment.

Payload Description

The payload antenna is a phased array of known ohmic losses which are
thermally stabilized, and it is cryogenically cooled for oceanographic

applicetions.

Technology Advancement Reguired

The main problem presented by the antenna is the requirement of
thermal stability. An antenna with the proper thermal characteristics
and a cooling system need to be matched to provide thermal stability over
long time periods--one day on aircraft and months on a spacecraft. The
antenna must maintain its operating integrity at 100 degrees K and on up to
room temperature. It is not known whether the ferrite phase shifters used

for frequencies above X-band will work at the low temperatures.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, _

1. TECHNOLOGY REQUIREMENT (TITLE): Advanced Electranically PAGE 1 OF _a_
S.anned Phased Array Antennas far Bemnte Sensing

2. TECHNOLOGY CATEGORY: Environment

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Bevelopment of an integrated package

: {tical ol i ntenna components that can give satisfactory elecirical

rexformance for microwave radiometer remgtie sensing measurements.

4. CURRENT STATE OF ART: ImLdangmnﬁehuiumuzihp&mmdemmmd;mnuﬁ
. 11 devel | art.  The | .
to_operate at near room temperature. HAS BEEN CARRIED TO LEVEL __

w

5. DESCRIPTION OF TECHNOLOGY

The construction of phased arrays is a well developed technique, Key components
such as phase shifters, power dividers, and hybrids are commercially available.
The problem with the phased array is that the ohmic losses of the components are
detrimental to the accuracy of remote sensing measurements, particularly micro-
wave radiometer measurements, If phased arrays are to be useful for precision
radiometric applications, the losses must be accurately known and thermally

stabilized. For oceanographic applications, cryogenic cooling of the components
would be highly desirable.

P/L REQUIREMENTS BASED ON: [J PRE-A,(0J A,[J B,0J ¢/D

6. RATIONALE AND ANALYSIS:

Phesed arrays offer two desirable advantages over other types of antennas. First
of all, the array is only a few inches deep and is therefore relatively easy to
install on spacecraft and a variety of aircraft. To illustrate the packaging
difficulties of other antennas, a low loss horn, 8 feet tall, is being installed
in a C-54 for L-band radiometer measurements. A phased array of the same aper-
ture size would be less than a foot tall. The second advantage of the phased
array is that scanning is done electronically. This means that no torque compen-

sation is required for spacecraft; and there is no need for large radomes for
aircraft measurements,

The losses in the phased array pose very serious problems in radiometry. As an
example, the "brightness temperature" of the ocean (effective grey-body radiation
is approximately 100°K, The accuracy with which the measurement must be made is
0.3%. Now, the lossy components in the antenna are also thermal radiators,
whose emissivity is specified by the numeric loss number, If the components

were held at room temperature, the measurement would suffer from the following
deficiencies:

1, A 1l dB less would add a 409K bias on the measurement,
2. The temperature of each component must be known to within 19K to meet the
specified measurement accuracy. (cont on pge. 4)To BE CARRIED TO LEVEL

UCIBILITY UF THE
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT(TITLE): _Advanced Electronically PAGE 2 OF 4
Scanned Phased Array Antennas for Remote Sensing

7. TECHNOI.OGY OPTIONS:

With regard to hybrids and powei dividers, the technology options are stripline
vs, air-filled coaxial transmission lines. Stripline offers miniaturization
because of the high dielectric constant, but are inherently lossy. Air-filled
lines present low loss, but miniaturization and fabrication are problem areas.
As far as phase shifters are concerned, diodes present low loss, but the effi-~
ciency decreases with increasing frequency. Ferrites are lcasy, but allow
operation at high frequency and reduce line length for gecd phase control.

8. TECHNICAL PROBLEMS:
l. Mechanical design of an integrated compact package is required, such that
thermal instability of the individual components can be maintained.

2. It is necessary to design and quality parts to operate at lUDOK, and
preferably over a range up to room temperature,

(cont'd. on p. 4)

Y. POTENTIAL ALTERNATIVES:

Horn and reflector antennas exhibit very low loss and broad bandwidth.
These antennas should definitely be used in projects where mechanical
scanning and incstallation pose no problems.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

A combination precision S- and L-btand dual radiometer system is currently
being flight-tested under RTOP to measure accurately
temperature and salinity in coastal areas. This is an ideal candidate system
to incorporate a cryocgenic phased array.

EXPECTED UNPERTURBED LEVEL ___

11. RELATED TECHNOLOGY REQUIREMENTS:

The ohnic loss of any imperfect conductor generally decreases with temperature,
A cryogenic phased array will therefore increase the efficiency of an

antenna; and, therefore, allow reduction in the transmitted power required.

Fer radar, the dividend is doubled since the systiem must both tramsmit and
receive through a common antenra,
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DEFINITION OF TECHNOLCGY REQUIREMENT

NO,

==

S Phas A

ing

1. TECHNOLOGY REQUIREMENT (TITLE): _Advanced Electranically PAGE 3 OF 4
5

12.

TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM

75

76

77

78

79

80

81

82

83]84]85186]87188]89]90

91

TECHNOLOGY
1¥ech. Tradeoff/Analysis

2Des, of Components/Cry.
3Component Fab/Integ.
4Fab./Test of A/C Ant.
S5Fab./Test of S/C Comp,

APPLICATION
1. Design (Ph. C)

2, Devl/Fab (Ph, D)
3. Operations
4,

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

'FOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

OR MATHEMATICAL MODEL,

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA OBSERVLD AND REPORTED.,
2. THLORY FORMULATED TO DESCR!BE PlIENOMENA.
3. TAECRY TESTED BY PHYSICAL EXPER!MENT

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
F.G., MATERIAL, COMPONENT, ETC,

The one reference which encompasses the need for precision radiometry and an
antenna tradeoff study is given in:

NASA CR-1960 February, 1972,

COMPONFNT OR BREADBOARD TESTED IN REZEVANT

ENVIRONMENT IN THE LARORATORY,

MODEL TESTED IN AIRCRAFT ENVIRONMENT,

MODEL TESTED [N SPACE ENVIRONMENT,

NEW CAPANLITY DERIVED FROM A MUCH LESSER

OPERATIONAL MODEL.

RELIARILITY UPGRADING OF AN OPERATIONAL MODEL,
LIFETIME EXTENSION OF AN OI'LRATION.A!, MODEL.

"Development of a Satellite Microwave Radiometer to Sense the Surface Temperature
of the World Oceans," by G. M. Hidy, et al.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE): _Advanced Electronically PAGE 4 OF 4.

Scanned Phased Array Antennas for Remote Sensing

6o RATIONALE AND ANALYSIS: (cont'd.)

3) The total loss must be known to within 0,006 dB to meet the accuracy
requirements,

If the compaonents could be cryogenically cooled to closely match the hrightness
temperature of the cceezn, the bias would be 19K instead of 409K and the loss
must be known only to 0,27 dB instead of 0,006 dB, The component temperature
must still be known to within a degree, but careful packaging techniques can
solve this problem,

The hrightness temperature of other targets, such as terrain and ice, are
generally higher than water; therefore, a higher stable component temperature
is required to minimize the effect of losses,

8o TECHNICAL PROBLEMS: (cont'd.)

3¢ Development of a compact cryogenic unit and heat exchanger to maintain
constant temperature for one day in an aircraft environment, and months
in a space environmente

4, Ferrite phase shifters are presently used at frequencies above X-band.
The performance of ferrites is temperature sensitive; and it is not
known if operation at low temperatures is feasiblee.
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2. OPEN FEED ACTIVE MICROWAVE ANTENNA
Application

The antenna is proposed as a payload for the Shuttle Orbiter so that
its performance characteristics may be ascertained in the space environment.
It is presently in the early design stayes as a pert of the Larth Resources
and Oceanographic Imaging Radar (RTOP 645-30-07). It is designed to test the
antenna for arcing, cornna or hreakdown before committing to the radar system
implementation. The tests will also validate the design of structure and
mechanisms.

Payload Description

The payload is primarily a large (Approximately 3m X 12m) light weight
antenna with transmitter with variable powe:, duty cycle and PRF and appro-
priate feed systems. Open wave guide and microctrip designs are being
considered for the antenna. The tests will provide limits of peiformance
with reyard to arcing, corona or breakdown in the antenna and power feed
systems. Performance of the structural and mechanisms decign will provide
secondary information.

Technology Advancement Required

The potential problems of breakdown, corona and shorts for this flight
weight antenna design must be overcome., The antenna design should be proven
in the space environment early so that the total imaging radar system is

ready for flight in the 1980's,

172

s e,

Fagn o

D s I I



s R

T e e T - - —

DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE): Test and Evaluation of PAGE 1OF __
_Open_Feed Active Microwave Antennas in Space
2, TECHNOLOGY CATEGORY: Microwave Hardwzre Development

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Development and test of light weight
antennas in the space esnvironment to present operation problems such as

coxronae

4. CURRENT STATE OF ART: _ Lightweight antennas are being developed but none

have been tested at the possible power levels expected for future
_instrumentation, HAS BEEN CARRIED TO LEVEL 4

5. DESCRIPTION OF TECHNOLOGY

Proposed designs of the Earth Resources Shuttle Imaging Radar antenna are
using an open ancenna concepte Due to the potential power required arcing,
corona or break:own caused by shorting may occur in the antenna and power
feed systems. .0 prove the concept and reduce the risk for the radar
operations, a test antenna should be flown on an early shuttle flight,

The test article would include an antenna, a transmitter with a variable
power, duty cycle and PRF and the appropriate feed systems, The test
would also provide evaluation of the antenna for use in other microwave
projects (solar power),

P/1. REQUIREMENTS BASED ON: (X] PRE-A,[J A,[0 B,0 ¢/D

6. RATIONALFE AND ANALYSIS:

(a) Very large antennas are needed to obtain appropriate gain and
resolution for microwave remote sensing,.

(b) To reduce weight of the antennua open waveguide and microstrip
designs are being investigateue

{(c) Antennas of this type have been flown on aircraft in much smaller
versionse.

(d) Without such a test the exact breakdown point of the antenna would

not be known and +the maximum utilization of th: antenna could
never be used,

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIRELIENT NO,

= == = ——— =
1. TECHNOLOGY REQUIREMENT(TITLE): Tegt and Evaluation of PAGE 2 OF _
g F i e I » II v . E ] > s 7

7. TECHNOLOGY OPTIONS:

The antenna could be flown without any testing redizing the risks involved or the
antenna could be tested in a ground -chamber if one is large enough, However, the
exact characteristics of space around a satellite or the Shuttle will not bs
known and the full potential of the antenna never realized.

8. TECHNICAL PROBLEMS:

l, Breakdown limits of this anternna design.
2. Corona of this antenna design,
3. Potential for shorts in the antenna dosign.

Y. POTENTIAL ALTERNATIVES:

Use pressurized feed and antenna systems.

P e

10. PLANNES 1'POGRAMS OR UNPERTURBIZD TECHNOLOGY ADVANCEMENT:

RTOP 645-30-07 is presently defining an imaging radar to support earth resources
and oceanographic appli~ations from the Shuttle,.

EXPECZED UNPERTURBED LEVEL __
11. RELATED TECHNOLOGY REQUIREMENTS:

Improved antenna design for light weight antenna for microwave applications,
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DEFINITION OF TECHNOLOGY REQUIREMENT

NO.

1.

TECHNOLOGY REQUIREMENT (TITLE): Test and Evaluation of

PAGE 3 OF

Qpen Feed Active Mi Ant {0 Soace

12.

TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM

-]
(S]]

76|77

78

79180

81

82

83

84

35

86|87

88]89§90]91

TECHNOLOGY
lAnslysis

2Development
JTest and Evaluation
JRedesign

5Test and Evaluation

1.

4.

APPLICATION
Design (Ph, C)

2, Devl/Fib (Ph. D)

3. Operations

1.

USAGE SCHEDULE:

TECHNQLO. 7 NEED DATE

T
TOTAL

14,

NTI'MBER G

h— — - -

“WEFFRENCES:

-3

w
”

>

LLAUXNCHES

15. LEVEL OF STATE OF ART

SIC PHENOMENA OPSERVED AND "FPORTED,
TUEGRY FORMULATED TO DESCRIBE PHENOMENA

Tt Oy TESTED 8Y PHYSICAL EXPERIMENT
QR MATNEMATICAL VODRL,

B0, MATENIAL, (OMNPOMNKNT, ETC,

PLRTIN NT FUACTON OF CHARACTERISTIC DFMONSTRATED,

COMPONFNT OR AREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARGRATIRY,

MODEL ~ ESTED IN AIRCRAFT ENVIRONMENT.

MODEL TESTED X SPACE EXVIRONMENT.

NEW CAPANLITY DLRIVED FROM A MUCH LESSER
OPERATIONAL MODEL,

RELIARILITY UPGRADING OF AN OPERATIONAL MODwL.,

. LIFETIME LXTENSION OF AN OFLRATION.AY MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT

1. TECHNOLOGY REQUIREMENT (TITLE):

NO,

PAGE OF __

176
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[

3. DEPLOYABLE MICROWAVE REFLECTOR ANTENNA

Appiication

The payload antenna will demonstrate the technology develapments

leading to a low-loss, efficient large aperture scanning antenna for minro-

wave remote tensors. {

Payload Description

The antenna will be a demonstration ariicle used to prove the tech-

nology required to provide large erectable-relector and phased-array an-~

tennas for microwave remote sensing of the earth's surface.

Technology Advancement Reguired

The technology must be developed in the following areas:

l.

24

3.

4,

5.

Wide~band feed clusters for reflector antennas.

Determination of antenna pattern distortion associated with a
scanning feed.

Methods required for preserving the surface tolerance of very
large reflectors.

Low-loss and/or loss-stable phased-array components. Cryogenic
cooling of phase shifters, power dividers, etc. may be required.

Solutions of structural and mechanism problems related to these
large antennas.

177
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOJLOGY REQUIREMENT (TITLE): Antennas for Remote PAGE 1 OF 6
Sensing (Deployable Reflector Antenna)

2. TECHNOLOGY CATEGORY: Environment
3. OBJECTIVE/ADVANCEMENT REQUIRED:; Development of low-loss, efficient

large aperture scanning antennas for microwave remote sensors.

4. CURRENT STATE OFF ART: Space erectable, parabolic, antenna reflectors up

to 10 meters in diameter are well within the present state of the ait at
S-band (cont'd. on p. 4) HAS BEEN CARRIED TO LEVEL _

2. DESCRIPTION OF TECHNOLOGY

In the years beyond 1580, there will be a need for large erectable-reflector
and phased-array antennas for microwave remote sensing of the earth's
surface. These antennas will require (a) a scanning capability, (b) low side
lobe levels, (c) very low or accurately known ohmic losses, (d) polarization
purity, and for some applic.tions (e) wide bandwidths. The ATS program
demonstrated that large parapolic reflectors cam be erected in space. As
inaicated previously, however, parabolic reflectors are not suitable for
remote sensing for the reasons listed. Therefore, other reflector types
must be investigated to meet the general requirements listed. For reference
purposes, the advartages and disadvantages of a few reflector types are
listed below.

(cont'd. on p. 5]

P/L REQUIREMENTS BASED ON: [] PRE-A,[J A,0 B,[0 C/D

6. RATIONALLF AND ANAILYSIS:

(a) The Seasat-A radiometer and scatterometer systems offer a spatial
resolution of approximztely 100 km, This resolution is adequate for the
study of ocean dynamics, but much too coarse “or other applications. For
example, radiometric temperature measurements over a cell not exceeding 10-20 km
is required for the data to be of value to the fishing industry. Near coastal
zone, earth resourcee, and topside weather radar measurements require even
finer spatial resolution, Hence, a more widespread variety of users can be
satisfied by increasing the spatial wesolution.

(E) Users are generally uninterested in remote sensing measurements
unless a cross~track swath of Jdata is ccllected.

(c) The user is demanding more accurate data. In the area of microwave
radiometry, the antenna ohmic loss and side lobes are the major contributors
of accuracy degradatior.

TO BE CARRIL'™ TO LEVEL __
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DEFINITION OF TECHNC.OGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT(TITLE): Artennas for Remote PAGE 2 OF 6

Sensing (Deployable Reflector Antenna)

7. TECHNOLOGY OPTIONS:

The alternative means to achieve higher spatial resolution with real apertures
is to operate at a higher electromagnetic frequency. This, however, destroys
the near all-weather capability that microwaves provide for earth observations.

8. TECHNICAL PROBLEMS:
- -V Development of wide-band feed clusters required for reflector antennas.
(u) Amount of antenna pattern distortion associated with a scanning feed
is unknown,
(c) Development of methods required for preserving the surface tolerance »f
very large reflectors.
(d) Development of low-loss and/or loss-stable phased-array components. Cryo-
genic cooling of phase shifters, power dividers, etc., may be required.

9. POTENTIAL ALTERNATIVES:

In the area of microwavz radiometry, there is no obvious methcd of achieving a
high resolution swath without resorting to large antennas.
For active, nonimaging systems, it is possible to reduce the antenna size in one
dimension and use the doppler effect to discriminate range cells along the
satellite track, Swath width can be developed by orienting the fan team at an
angle to the satellite velocity vector,

(cont'd. on p. 6)

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

The new Advanced Applications Flight Experiment (AAFE) contract on large
reflector antennas and the RTOPs at JPL (€45-25-02, 506-20-22, 506-17-15) are
somewhat related to the described requirements,

The state of the art (of remote sensing antennas) at the need data if NASA ex-
pends no special effort in this area will probably be as Tollows:

(cont'ds on p. 6) EXPECTED UNPERTURBED LEVEL 3

11. RELATED TECHNOLOGY REQUIREMENTS:

With regard to reflector antennas for remote sensing, the feed scanning area must
be investigated - in particular the mechanical design required if movument of the
feed is necessary. The deployment mechanism, actuating system, etc., must be
developed for offset fesd reflectors.

In the area of phased-array antennas, work must be conducted to determine thermal
control designs for cryogenic phase distribution networks. Tradeoff studies will
be needed to determine the best approach for variable phase shifters. Then the

array design approach could be formulated.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

—

1. TECHNOLOGY REQUIREMENT (TITLE): Remote Sensing Antennas PAGE 3 OF _6__

(Deployable Reflector Antenna)

12, TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 177]78179180(81|82|83}84|35|86]87|88|89|90}91

TECHNOLOGY
1.Remote Sensing Design | _|_

Re
2.5u
De
3'Re

4,.Fabrication of

En

5.Ground Tests (Thermal,

El

quirements(Analysis)
rvey of Reflector _
sign

flector/Feed Design

gineer Model

ectrical) -

APPLICATION
1. Design (Ph. )

2. Devl/Fab (Ph. D)

3. Operations

4.

135,

USAGE SCHEDULE:

TEC'INOLOGY NEED DATE

-
TOTAL

NUMBER OF LAUNCHES
i14. REFERENCES:
1. "Deployable Reflector Design for Ku-Band Operation." NASA CR-132526, Harris
Corp., September 1974,
2. "Large Deployablc Antenna Shutile Experiment." Research and Technology
Operating Plan 645~25-02, Jet rropulsion Laboratory, July 19, 1974,
3. "Large Deployable Antenna Shuttle Experiment.," JPL Interoffice Memo 3392-
75-42, February 24, 1975,
4, "Dual-S and Ku-Band Tracking Feed for a TDRS Reflector Antenna - Tradeoff
Study." N75-10312, NASA CR-139122, Martin Marietta Aerospace Cozp.
{
15. LEVEL OF STATE OF ART 5. COMPONENT OR BREADBOARD TESTLD IN RELEVANT
R ENVIRONMENT IN THE LARORATORY,
1. BASIC PHENOMENA ORSERVED AND RETORTED. 8. MODEL TESTED IN AIRCRAFT ENVIRONMENT.,
2. THEORY FORMULATED TO DESCR!BE PIit NOMENA, 7. MODEL TESTED IN SPACE L VTRONMENT,
3. THEORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPARILITY DLRIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL. OPERATIONAL MODEL.,
4. PERTINENT }}TNCT(().\' OR CHARACTERISTIC DEMONSTRATED, 9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
E.G.. MATERIAL, CONPOMENT, ETC, 10, LIFETIME EXTENSION OF AN OI'LRATIONAL M “DEL,

180

Ao

e BN



DEFINITION OF TECiINOLOGY REQUIREME... NO.

'-—-—___?———_==1
1. TECHNOLOGY REQUIREMENT (TITLE): _Antennas for Remote PAGE4 OF 6_

4, CURRENT STATE OF THE ART (cont'd.):

operating freguencies. X-~band frequencies have also been used with reflectors
of this size in space applications. The most recent application is the 40-foot
diameter parabolic reflector currently deployed and operating on the ATS-F
spacecraft. The state of the art for reflectors of this.size has been improved
t ough the Advanced Applications Flight Experiment (AAFE) Contract NASA-11444
{WASA CR-132526). Included in this contract was the demonstration of the
lightweight, double-mesh concept through the fabrication of a 1z,5-feet diameter
reflector (weight 23 lbs.) for Ku-band operation. This design concept will

. probably be used on the Tracking and Data Relay Satellite (TDRS). The AAFE
Program is extending the large reflector studies under a contract that will
investigate design possibilities for reflectors up to 100 meters in diameter.
In a perallel effort, -.ne Jet Propulsion Laboratory is proposing a large
Deployable Antenna Shuttle Experiment (LDASE). The recommended reflector size
for this experiment is 100 feet in diameter with a surface quality of 0.050
inch (vms). The recommended size and surface quality for LDASE was based on
mechanical consideration only, since it was considered inappropriate to base
the size of the antenna on user requirements. (Ref. JPL Interaffice Memo
3392-75-42.) Since a parabolic reflecter would be selected for a 100-foot
diameter design. However, there are several digadvantages in using parabolic
reflectors for remote sensing applicaticns. A few are listed below:

a. Some energy is reflected back into the feed.

b. The feed partially blocks the radiating aperture (this causes a laoss
in gain and an increase in side lobes).

c. The receiver front end has to bte mounted at the focal point to avoid a
: long waveguide run to the back of the dish. This is not converient.

d. Beam scan by feed movement is limited to =z few beamwidths before these
is excessive gain loss.

e. 9Spillover is highest in rearward direction.

Therefore, the current state of the zrt as well as present plans for the
future appear to be oriented more toward pa: »jolic reflectors for communicaetions
and others, rather than reflectors for remote sencing applications.
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DLFINITION OF TECHNOLOGY REQUIREMENT NO.
w 5 .-
1. TECHNOLOGY REQUIREMENT (TITLE): _Antennas for Remote PAGE 5 OF _6_ =

e it
-

5.

DESCRIPTION OF TECHNOLOGY (cont'd.):

A. Spherical Reflectox

(1) Advantages
(a) This type of structure allows excellent wide angle

scanning even as much as $+15° by a simple rotation of the feed about
the center of the sphere. (More conservatively, one could expect a
scan capability of 25 beamwidths with _ 1 dB loss).

(2) Disadvantages

(a) Some radiated energy is reflected back into the feed.
(b) The reed blocks the radiating aperture.
(c) Receiver has to bhe mounted at the focal ° ‘int.

B. Offset Fed Reflector

(1) Advantaqes

(a) There is no feed blockage and
usually no support blockage, too,

(b) No radiated snergy is reflected
back into the feed.

(c) Spillover is directed neither
forward or backward,

(2) Disadvantages

(a) Beam scanring by feed movement is not widely documented.
(b) In ane plane, the beam tends to be asymmetrical.
(c) Design principles and procedures are not widely known,

C. Dffset Fed Cassegrain

(1) Advantages

{(a) There is no blockage due to
supporis or subreflectors.

(b) Spillover is not rearward,

(c) The offset subreflector allows
for some better aperture utilization than
the single r=flector offset fed antenna
due to spillover.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

e e ———————————— 1 ———————
1. TECHNOLOGY REQUIREMENT (TITLE): _Antepnas for Remote PAGE 6 OF _6_

Sensing (Deployable Reflector Antenna)

5. DESCRIPTION OF TECHNOLOGY (cont'd.):

f2) Disadvantages

(a) In existing configurations, the axzs of rotation are not
orthogonal. This may require some angular coordinate conversion in the
positioning mechanism,

(b) Design not known,

Therefore, from this brief reflector comparison, it can be seen that
reflectors other than parabolic may be amenable to remote sensing appli-
cations, The problems associated with, for example, the spherical or
offset feed parabolic section should be addressed., These particular
antennas are of interest for remote sensing because they exhibit wide angle
scanning and no spilloves characteristics, respectively, Mechanical
inertia will more than likely preclude scanning the reflector; hence, the
problems associated with fast beam steering by motion of the feed should
be addressed.

The phased array if of interest because scanning and multiple beam
operation can be achieved by electronic means, This, therefore, elimirates
the need for torque compensation on the spacecraft. However, the packaging
erection and the relatively large ohmic losses present technology problems
which must be addressed before the arrays are suitable for remote sensing
applications.

9, POTENTIAL ALTERNATIVES (cont'd.):

In principle, the resolution offered by the synthetic aperture radar
increases with degreasing size of the physical aperture. In practice,
however, reasonably large antennas are needed for gain to boost the signal-
to~noise ratio.

10, PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT (cont'd.):

(a) A capability for deploying large parabolic (approx, 100 feet
in diameter) reflectors will be available but no capability fer reflectors
more conducive to remote sensing applications.

(b) Dual fregquency, tracking feeds will be available but none with
scanning capability suitable for remote sensinge.

(c) A capability will exist for packaging large reflector antennas
and this could be applied to remote sensing designs.

oF THE
~oBRD UCBILITE U0 00R
g»%on?n pAGE B

183

hry o

R L TN S



E-2 IMAGING RADAR CALIBRATION SYSTEM

Application

The system would enhance the ccrrelation of imaging radar data taken
at different sites or on different missions. It will allow quantitative
back--catter measurements to be made while in orbit.
Payload Description

The payload will consist of a functional imaging radar system which
allows 2 testing of the calibration subsystem. To provide full or absolute
calibration of an imaging radai, several techniques must be asplied simul-

taneously to relate the power transmitted to the power returned. First,

a stabilized source is regquired to provide a sample of the transmitter power

with distinct step amplitude levels to the receiver and associatad processor

and data system. Secondly, a thorough knowledge of the antenna is needed,
such as illuminatior coverage, power transfer through the antenna, and
changes of the antenna because of environmental conditions. Thirdly, an
understanding of the effects of the atmosphere between the antenna and
target is needed to understand loss of signal and phase rotation. Fourth,
an array of extended and controlled ground targets, with ground truth, is
required to determine tha total effect of the target signal to the output
of the radar system. The stable socurce will be used to monitor and correct
for any changes in the radar electronics, such as change in output power,
system sensitivity, stability, etc. Knowledge of antsnna characteristics
will allow for corrections of data due to antenna ground coverage, gain
variations, transfer lodses, etc. Knowledge of the atmospheric effects
will allow for corrections of the data due to losses or phase rotatians
through the signal»ﬁrsnsfer medium, The ground range will provide a stan-
dard reference to which all other target data can be absolutely related or

correlated.
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Technology Advancement Recuired

The celibration system depends on improvements in several areas. A
long term stable electronic reference signal is required. Complete kriow-
ledge of the antenna performance must be available. Improved modeling of
the earth's atmosphere must be available. Ground truth arrays observable
by the orbiting radar are necessary as are variables associated with the

earth's surface reflectivity.
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1. TECHNOLOGY REQUIREMENT (TITLE): Imaging Radar PAGE 1 OF 3_

DEFINITION OF TECHNOLOGY REQUIREMENT NO.

Calibration System Development

2. TECHNOLOGY CATEGORY: _Remote Sensing
3. OBJECTIVE/ADVANCEMENT REQUIRED:_Incr. ise th=z_ability of imaging

radar systems to make quantitative back-scatier measurements from orbit,

-

4. CURRENT STATE OF ART: _An electronic system has been tested in an air-

craft, but no end to .nd system calibration system involving extended ground

targets has been developed, HAS BEFN CARRIED TO LEVEL _6__

5. DESCRIPTION OF TECHNOLGGY

Radar images are used for several Earth Resources Survey applications. Present
systems provide a map of the imaged area at different frequencies, polariza-
tions, etc., depending on the capability of the system. An objecticnal
characteristic of these systems is that the data cannot be completely corre-
lated from mission to mission or site to site because the daiz zannot be
compared to a common reference. A calibration system will be developed which
utilizes stabilized microwave components and references that would provide
calibration of the data during data gathering. The calibration sysiem would
be an electronics and field application of new technigues.

P/L REQUIREMENTS BASED ON: (K] PRE-A,[J A,0 B, ¢/D

G.

RATIONALT AND ANAIL YSIS:

(s) Amplitude calibratior of back-scatter will be required if imaging radar
systems are to be used to make quantitative remote sensing measurements,

(b) A combination of electronic references and a controlled field array
can preovide this measure of calibration.

(c) Without such & system, only relative measurements '. . ! ¢ made.

(d) This technology should be carried to an experiment.l .-monstration
on an early shuttle flight.

TO BE CARRIED TO LEVEL 7

b e e
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT(TITLE): _Imaging Radar PAGE 2 OF 3

Calibration System Development

7. TECHNOLOGY OPTIONS:;

Back-scatter measurerents may also be performed with a scattzrometer,

These instruments may be calibrated to an accur zy of +8 db, However,
scatterometers can only take data fore and aft uf the flight line and do not
provide an image. Uscing a scattercmeter to gather the same data, an imaging
radar would require repetitive flying of parallel flight lines.

8. TECHNICAL PROBLEMS:

1, Development of a stable elzctronic reference signal,

2. Realistic modeling of the earth's atmosphere and factoring the model
into the calibration system,

3. Variables associated with the earth's surface reflectivity.

4. Knowledge of the antenna system,

9. POTENTIAL ALTERNATIVES:

Perform relative measuremznts using large extended targets such as water,
sand and grassfields 1s standards to compare to roughen targets.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTCP €45-30-07. Earth Resources Shuttle Imaging Radar (ERSIR) could be
expanded in scope to also investigate calibration.

EXPECTED UNPERTURBED LEVEL 6

11. RELATED TECHNOLOGY REQUIREMENTS:

Improved imaging radar techniques for aircraft applications,

187
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

et
rreh—

1. TECHNOLOGY REQUIREMENT (TITLE): Imaging Radar

iL
e

PAGF 3 OF

Calibration System Development B

{
|

12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 177178791 80|81]82|83|84|35|86}87{88|8&9 “.“')1

TECHNOLOGY
1. Analysis

2, Electronic Development
3. Range Development

4, A/C Evaluation

5. Implement on ERSIR N
6o Shuttle Flight - -

4.

APPLICATION
1. Design (Ph, C)

2. Devl/Fab (Ph. D)
3. Operations

13.

USAGE SCHEDULE:

TECHNOLOGY NELD DATL

TOTAL

NUMBER OF LAUNCHES

2t 18

[\8]
N
N
Ny
N
N
N
N

14.

15.

REFERENCES:
(1) "The Response of Terrestrial Surface at Microwave Frequencies"
W, He Peake and T. L. Dliverj Technical Report No, AFAL-TR-70-301, Ohio

State University, May (1971)

(2) Moore, Re Ke, "Ground Echo" in Radar Handbook, Che 25, Ms 1. Skolnik,
ede, New York: MecGraw Hill, 1970

(3) "Amplitude Calibrated Techniques Applied to the Environrmental Research
Institute of Michigen's Airborne SAR System," R. W, Larson, F. Smith,

R. Jo. Selmer and W. Zimmerman, ERl¥, Proceedings of 19th Annual Tri-
Service Radar Symposium

(4) "Specification and Testing of Airborne Imaging Radars". Study S=296
S, Fiarder Institute of Defense Analysis, Science and Technology Division,

12/67
(5) "Imeging Radars for Earth Resources" Techrical Rgpoxt LEC/HASD 645.-21~-
006, July, 1969, ({Lenon Stafford) :

LEVEL OF STATE OF ART COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVINONMENT IN THE LARORATORY,

s

1. BASIC PHENOMENA OBSERVED AND REPO"TED, 8. MODEL TESrED IN AIRCRAFT ENVIRORMENT.

3. THUEORY FOIMULATED TQ DESCKIBE PUENOMENA, 7. MODEL TESTED IN SPACE ENVIRONMENT,

3. THEORY TESTED BY PHYSICAL EXPERIMENT - $. NEW CAPARILITY DERIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL, o OPERATIONAL MODEL.

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIABLITY UPGRADING OF AN OPERATIONAL MODEL.

E.C., MATERIAL, COMPONENT, ETC, 10. LIFETINE EXTENSION OF AN OFLRATIONAT, MODEL,
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E-3 SUBMILLIMETER WAVELENGTH RECEIVERS

Applic 'Lon

The submill “meter wavelength receivers have use in the following applica-
tionss

(1) Terrestrial Atmospheric Observations from the Shuttle Orbiter.

(2) Astronomical and Planetary Observations from the Shuttle Orbiter.

‘.. Radiometric Sensors on Missions to Planéts and Comets.

(4) High Data Rate, Secure Inter-Satellite-Spacecraft Communications.
Payload Descriptic-

The system proposed is a submillimeter (to 1000 GHZ) low-noise coherent
receiver combining microwave and optical techniques and its supporting sub-
systems. It can be used as a radiometer faor remote observations of terrestrial
atmospheric parameters which cannot be measured at the lower frequencies. One
example is the measurement of C1l0 to 10'“ll relative estmospheric abundance from
observations at 980 GHZ. Observations of submillimeter spectral lines of planets
and comets will provide basic scientific information and improved definition of
payloads for planetory missions, The receivers will provide higher data rate
communications than previously available. Because of atmospheric absorption,
secure satellite and spacecraft communications are feasible. The capebilities
of this kind of system are desirable in the early period of Shuttle Orbiter
orerational status,

Technology Advancement Reguired

Tha technical problems aret

(1) Efficient coupiing of signal and local oscillator to non-linear device.

(2) Production of efficient non-linear devices for operation at 1000 GHZ.

(3) Production of local oscillator sourcss for 1000 GHZ,.

Assuming an operational readiness requirement of mid-1980, development of

the receivers should be embarked on now.
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2. TECHNOLOGY CATEGORY:

% B — ‘
S e PPN SR
DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT (TITLE): _Development of PAGE 1 OF _3_

Submillimeter Wevelength Receivers

3. OBJECTIVE/ADVANCEMENT REQUIRED:__ Increased operating frequency (to

1000 _GHz) of low-noise coherent receivers through combination of microwave

and optical techniques.

1. CURRENT STATE OF ART: _Low-noise coberent receivers have been developed

at frequencies up ton 100 GHz, as typified by;presentgg;ound—based radio
T HAS BEEN CARRIED TO LEVEL 4

astronomy instrumentation,

A 2 Technological developments in four areas are
5 RIP - TECHNOLO ]
r%ﬁu%gggcig‘éggé§ %% g;odﬁgi kbdgg;ise coherent receivers operating up to 1000

GHz frequency. These areas, and recent advances which indicate the feasibility
f obtaining such receivers, are: . . .

g) gntgéal ?ront end for receiver. An extremely high-efficiency optical receiver

front end for operation at 115 GHz has been developed for the JPL Microwave Limb

Sounder experiment for the Space Shuttle. Such techniques can be used to 1000

GHz and higher,

2) Coupling of signal and local oscillator to non-linear device. Quasi optical
tﬁchniques, being developed by GISS and JPL, appear capable of operating to 1000
GHz,

3) Non=-linear devices. Schottky~barrier diodes having non-circular dot geometry
(now being czveloped by U, Va., under JPL contract for operation at 180 GHz) could
be developed for low-noise operation to 1000 GHz, Josephson junction devices
could also be used for these devices,

4) Local oscillator sources. Solidectate Gunn or Impatt oscillators operating
above 100 GHz have been developed, as well as high-efficiency multipliers to 300

GH . : . . N b
s oy gher hammenic Ml e S M T B ASEE B M PrE-A,O0 .00 B,O ¢/D

6. RATIONALYE AND ANALYSIS: Low-noise, coherent, submillimeter wavelength re-

ceivers will be of extreme importance to the space program in the 1980-2000 time
frame for several applications listed below. The technology advancement should
be carried to an experimental demonstration on an e=arly Shuttle flight,

1) Terrestrial Atmospheric Observations from tne Space Shuttle. The receivers

willi be used as radiometric sensors for remote observations of atmospheric para-
metei. which cannot be measured at the frequencies., One example is the measure-
ment of C10 to 10~1l relative atmospheric abundance from observations at 980 GHz.
Measurement of C1l0 is particularly important for understanding the extent to
whici Treon from aerosol cans will deplete Earth's ozone layer. Such measure~
ments could influence national policy decisions. Many other important molecules
can slso be measured with such receivers,

2) Astroromicel and Planetsry Observations from the Space Shuttle., The receivers
will be ured for observations of planets, comets and interstellar molecules which
cannot be cbserved from the ground. Fcr example, observations at 180, 325, and
557 GHZ will tremendously improve knowledge of the known interstellar H>0 maser,

Ky

Otservations of submillimeter spegtral 1 f i i
basi¢.avientific information aJ% impgoveﬁ %%€inf%§g%eg§ %&§r€% st$&§}% g%g%%%ﬁF

missionae

3) Migsions to Planets and Comeis. The receivers will be used as radiometric

sensurs en missions to Venus, Jupiter, Saturn, and Uranus. . .
) Spacacxaft Sgcure Satel c icat o The rsceivers will provide

highar ‘-ta rate communications than previously available. Because of atmos-
pheric absosption, secure satellite and aircraft communications are feasible,

190

TO BE CARRIED TO LEVEL 9

o e s e e —~ .
S e e T———

- e - ) piy
Rt g B et Meal s st g T g mp e

B e



N ,‘"fru’,,‘ LA

g Gl

g

-~

DEFINITION OF TFCHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT(TITLE): _ Development of

Submillimeter Wovelength Receivers

PAGE 2 OF 3

T e ey - 4 aivae

7. TECHNOLOGY OPTIONS:

None,

8. TECHNICAL PROBLEMS:

1, Efficient coupling of signal and local oscillator to non-linear device.
2. Production of efficient non-linear devices for operation to 100C GHz.

3. Production of local oscillator sources to 1000 GHz,

Y. POTENTIAL ALTERNATIVES:

The technical problems menticned above can be solved through a logical develop-
mental program. Techniques for solving these problems are mentioned in
5 above,

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP 188-76-56, "Millimeter Wave and Far Infrared Detectors," has supplied

some of the background work to develop efficient techniques for coupling signal
and local oscillators to non-linear devices, Present programs will lead to
development of receivers to 180 GHz only.

EXPECTED UNPERTURBED LEVEL 4

11. RELATED TECHNOLOGY REQUIREMENTS:

No relate§ technology is required for obtasining usable receivers, Development
of low-noise intermediate frequency maser amplifiers and cryogenic coolers
for use in space would improve the performance of the receiver,

191

D s

av e

XE PR

T e

B

e 2 b ot

S R



y— =

.

DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT (TITLE): Develogment of PAGE 3 OF 3_
Submillimeter Wavelength Receivers
12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR
SCHEDULE ITEM 75176 |77]78]79]80|81|82|83]84{35}86}87]88]89}90}91
TECHNOLOGY
1. Prototype 180 GHz

RecEivVETeescscscscses
360 GHz Receiver seee

3. 1000 GHz Receiver oe. I
4,
5.
APPLICATION
1. Design (Ph. C)
2. Devl/Fab (Ph. D)
3. Operations
4,
13. USAGE SCHEDULE:
1
TECHNOLOGY NEED DATE ] A 1OTAL
NUMBER OF LAUNCHES 2l414]4j6l6]6|]616]616]6] 62
14. REFERENCES:
1., "A Quasi Optical Local Oscillator Injection System," by J. J. Gustincic,
Proc. URSI National Meeting, Boulder, Coclorado, October 1975,
2. "aractor Frequency Doublers and Triplers for the 200 to 300 GHz Range,"
L. 0. Cchen, et al., 1975 IEEE MIT Symposium, Paloc Alto, California,
1975,
3. "Impatt Source for 184 GHz Phase-Locked Local Oscillator for Jet Propulsion
Laboratory," proposal by Hughes Aircraft Co., April 1975,
4, "Cryogenic Ccoling of Mixers for Millimeter and Centimeter Wavelengths,"
S, Weinreb & A, Karr, IEEE Jnl, Solid State Circuits SC-8, 58, 1973.
5. "Millimeter-Wavelength Radio Astronomy Techniques,” A. A. Penzias & C. A,
Burrxus, Ann, Rev, Astrn. Astrophys., 51, 1973,
6. "Prospects for Microwave Limb Sounding of the Atmosphere," J. W. Waters,
Opt. Soc. America Topical Meeting on Remote Sensing, 1975,
15, LEVEL OF STATE OF ART 5. COMPONFNT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY.
1. BASIC PHENOMENA ORSERVED AND REPORTED, 8. MODEL TESTED IN AIRCRAFT ENVIRONMENT.
2. THEORY FORMULATED TO DESCRIBE PIENOMENA, 7. MODEL TESTED IN SPACE ENVIRONMENT,
3. THEOIY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPANLITY DERIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL, OPERATIONAL MODEL,
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL.
E.G., MATERIAL, CONDONENT, ETC, 10. LIFETIME EXTENSION OF AN OFLRATION.AL MODEL.
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E-4 EARTH VIEWING IR COMPONENT EVALUATION

Application
This payload consists of a number of advanced infrared components
that have a variety of earth viewing and planetory applications. Specifically

this paylocad supports the following Outlook for Space themes:

01 - Production and Management of Food and Forestry Resources
02 - Prediction and Protection of the Environment

03 - Protection of Life and Property

11 - The Evolution of the Solar System

rayload Deseription

This payload consists of a cluster of four infrared radiometers each
with its own detector and detector cooling system. One of the radiometers
will be equipped with a filter wheel or other filter exchange mechanism,

It is envisioned that this payload would be used to demonstrate infrared
components prior to their being committed to a particular spacecraft system.
The radiometer cluster would have about a 500 meter ground resolution from
Shuttle altitudes and would be used in an earth viewing mode, The result-
ing measurements have application in planetary thermzl mapping, cioud cover
monitoring, ice and snow field mapping, sea surface temperature mapping,
land surface thermal mapping, and earth and planet cloud top temperatures.
The advanced infrared detectors demonstrated in this payload would alse have
wide application in a variety of infrared spectrometers. A technology
demonstration flight in about 1383 would enable the technology to be utilized
on missions launched after 1985, Listed in the 1973 mission model are 1l
planetary and cometary missions and 30 earth observation missions between
1985-1991 that could use this technology.

The pointing system emplcyed would be capable of pointing to a
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particular area on the earth and complete a quick scan of the ares or the
Shuttle passes over,
Technology Advancement Required

A, COOLERS - It is envisioned that each of the four radiometers
utilize a different cacler concept. At least two of these coolers should
be cooling engines of the Vuilleumier or Sterling type. One of the coolers
should be an advanced solid cryogen and one should be a liquid cryogen
cooler. In the field of infrared coolers the main technology advancement
required is that of long life. Althcugh a seven or fourteen day Shuttle
sortie mission will not yield a great deal of data toward the goal of a
two (2) year cooler lifetime, it will enable the cooler to operate coupled
to an IR detector in vacuum and a zero g field. Vibration problems associated
with the cooling engines can be investigated and actual power consumption
and cooler performance can be monitored. The solid and liquid cryogenic
systems were included into the payload tc encourage development of these
cooling concepts. Although the cooling engines have received more attention
in recent years because of their potential longer life, it is not entirely
clear that with the relaxed payload weights in low earth orbit made po ssible
by the Shuttle system that a rotating engine will be more cost effective,
reliable, and longer life than a solid or liquid cooler.

B, DETECTORS - The desired trend in infrared detectors is to increase
the dynamic and spectral range. If an advanced infrared detector can be
developed with sufficient sensitivity range from about 3 to 15 micrometers,
it will greatly increase the usefulness of a particular IR instrument while
reducing its cost. The temperature sensitivity of most IR detectors is as
much as 0.5% per degree Kelvin., If this sensitivity could be reduced it

would greatly relax cryocgenic cooler stability requirements.
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c.

FILTERS - The development of narrow band, high transmission filters

would enable the development of acsociated low-cost spectrometers.

a space flight of filter is not required for its development, its

tion into this payload significantly increases the science yield of the

mission., State-of-the-art filters could also be used.

D.

will not be completely described in this writeup but would have the capability

to pecint to a given area and complete a rapid scan of that

POINTING SYSTEMS ~ The pointing system envisioned in this payload

Shuttle passes over the particular target.

Associated Mission Model

Payload Number

PL-13
PL-20
PL-22
PL-26
LUN-1
£0-3
E0-4
EQ-7
E0-8

Name

Mercury Orbiter

Mariner/Saturn Orbiter
Jupiter/Saturn Orbiter/Lander
Asteroid Rendezvous

Lunar Orbiter

Earth Observation Satellite

Sync. Earth Observation Satellite
Sync. Meteorological Satellite
Earth Observation Sortie Mission
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TEChNOLOGY REQUIREMENT (TITLE): _Ultra Narrow Band PAGE 1 OF _3_
__Filter for Remote Sensing ' ’

2. TECHNOLOGY CATEGORY: _Sensing and Data Acquisitdion

3. OBJECTIVE/ADVANCEMENT REQUIRED: Design and develop Infrared bandpass
filters of the Fabry Perot Interference type to advance the capability of IR

spectroradiometers for the detection and measurement of line strengths in

I"olfﬁ'ﬁﬁﬁlqs'f?fﬁﬁ'g OF ART: Visible filters have been carried to level 6

(Fraunhofer Line Discriminatozr Program), IR filteps are ip the sarly design
phase, HAS BEEN CARRIED TO LEVEL 2

5. DESCRIPTION OF TECHNOLOGY

Ultra narrow band filter requirements for atmospheric absoxption experiments:
Wavelength ranges 5y to 20y (2000 em~Ll to 500 cm91)
Full width, half maxe range: 3 x 10~ to 1 x 10™3y (0.1z cm™! tp 0,025 cm™1)
Transmissions 0,50
Optical ray cone angle: 2°
Operating temp: 809K

By tilting the filter, limited wavelength tuning can be accomplished to scan
several spectral lines in the IR spectaum,

P/L REQUIREMENTS BASED ON: [] PRE-A,[J 4,00 B,00 ¢/D

6. RATIONALF AND ANALYSIS:

1, Filters to be incorporated into a differential absorption spectro-
radiometexr to measure atmospheric gas composition and pollutants,

2, Global coverage of the Earth environment from air-Sat or Shuttle,

3. Provides greater spectral specificity and detection capability over
present broadband filters used in LRIR or proposed LACATE sensors.

TO BE CARRIED TO LEVEL —_
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT(TITLE): _ Ultra Narrow Ba. d PAGE 2 OF 3

Filter for Remote Sensing

7. TECHNOLOGY OPTIONS:

IR Laser tuning techniques may accomplish same measurements in differential
absorption spectrometry.

8. TECHNICAL PROBLEMS:

IR Material selections, design for specific wavelength filters, wavelength
shifts with filter temperature change, integration of filter and detector
into compatible sensing subsystem,

Y, POTENTIAL ALTERNATIVES:

Useful as a blocking filter in laser tuning differentiai absorption
spectrometry.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

N0n5.

EXPECTED UNPERTURBED LEVEL

11. RELATED TECHNOLOGY REQUIREMENTS:;

Requires use with large diameter collecting optics (1 meter) and cooled
detector filter subsystem,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, J
F e
1. TECHNOLOGY REQUIREMENT (TITLE): _Ultza Narrow Band ~~ PAGE 3 OF 3
Filter for Remote Sensing
12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR
SCHEDULE ITEM 75176 |77]'78]79]180]81]82[83)184]35|86{87188]89]90]91
TECHNOLOGY
1. Analyses .
2. Design 4
3. Fabrication 1
4, Ground Task 4
5. Space Checkout
APPLICATION
1. Design (Ph, C) 1
2, Devl/Fab (Ph. D)
3. Operations
4'
13. USAGE SCHEDULE: ]
] |
TECHNOLOGY NEED DATE A TOTAL
NUMBER OF LAUNCHES
14. REFERENCES:
Ultra narrow band interference filter - AAFE Proposal Summer 1975
15. LEVEL OF STATE OF ART §. COMPONENT OR BREADBOARD TESTED IN RELEVANT
. ENVIRONMENT IN THE LARORATORY,
1, BASIC PHENOMENA OBSERVED AND REPORTED. - 6, MODEL TESTED IN AIRCRAFT ENVIRONMENT,
8. THEGRY FOUMULATED TO DESCRIBE PUENOMENA., - 9. MODEL TESTED IN SPACE ENVIRORMENT.
3. THEORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPAMLITY DERIVED FROM A MUCH LESSIR
OR MATHEMATICAL MODEL., B OPERATIONAL MODEL,
4. PERTINENT FUNCTION OR CHARACTERISTIC Dmons-rmrnn, * 9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL.,
E.,G., MATERIAL, COMPONENT, ETC, . 10, LIFETIME EXTENSION OF AN OFLRATIONAL MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.,

1. TECHNOLOGY REQUIREMENT (TITLE): Infrared Detectours for PAGE 1 OF 4_
Remote Sensing

2. TECHNOLOGY CATEGORY: _Sensing and Data Acguisition

3. OBJECTIVE/ADVANCEMENT REQUIRED:_ Optimize detectivity, response time
and operating temperature,

‘e .

4. CURRENT STATE OF ART: In the 1-14 micrometers range, II-VI and I7I.-V

semiconductor detectors have detectivities above 1010 cm-Hgﬁjwatt-l out reguiie
cooling to 80°K. (See p. 4) HAS BEEN CARRIED TO L&VEL 7

5. DESCRIPTION OF TECHNOLOGY

The III-V and II-VI semiconductor detectors are available in photoconductive
devices or photovoltaic devices. From 1-5 micrometers, binary compotinds will
suffice. Above 5 micrometers, tne peak response as a function of wavelength
can be varied in a II-VI ternary compound (for example, ngCdl_xTe and Pby
Sny_y Te) by changing the ratios of the Group II constituents.

A pyroelectric detector consists of a slab of pyroelectric material having

two opposite face areas coated with conductive layers to form a capacitor,

A change in temperature generates a signal current proportional to the pyro-
electric coefficient. To optimize the signal, a material should possess a

low heat capacity, low dielectric constant, and large pyroelectroic coefficient.
Since the signal current is proportional to the rate-of-change of the tempera-
ture, this detector is more attractive than other types of uncooled thermal
detectors for higher frequency applicaticns,

P/L REQUIREMENTS BASED ON: [J PRE-A,[] A,(0J B,(O C¢/D

6. RATIONALFE AND ANALYSIS:

These devices are used for remote sensing in earth resources missions,
environmental pollution monitoring, and thermal mapping.

TO BE CARRIED TO LEVEL 8
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L DEFINITION OF TECHNOLOGY REQUIREMENT NO.,

i menen:

1. TECHNOLOGY REQUIREMENT(TITLE): Infrared Dectectors for PAGE 2 OF 4
Remote Sengiig

7. TECHNOLOGY OPTIONS:

The detectivity of the II-VI ternary compounds can be increased to the point
where it is practical to operate these devices at higher temperatures tha;n_

809K, The detectivity of the pyroelectric can be increased ton 10! cm-Hg
watt-1l,

8. TECHNICAL PROBLEMS:

1. Control of homegeneity in III-V and II-VI materials restrzcts array
constructien,

2+ Poor reproducibility of detector parameters in III-V and 1I-VI materiels, | -

3. Relati.ely low operating temperature (n809K) in the II-VI ternary
matexrials,

4, Relatively low detectivity in pyroelectric detectors,
{(c. c'de on pe 4)

Y. PCTENTIAL ALTERNATIVES:

If temperatures on the order of 35°K can be achieved for the desired mission,
it is suggested that doped silicon detectors be employed because of theix
higher detectivity in the wavelength range greatexr than 5 micrometexrs, In

addition, the detector preamplifiexr can be directly :.ncorporated with the
device,

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP 506=-18~21, "Electronic Devices and Components," contains elements
bearing en this technoleogy, such as an indium antimonide CCD senscr and
pyroeslectric 'etector materials investigations,

EXPECTED UNPERTURBED LEVEL 8 _

11. RELATED TECHNOLOGY REQUIREMENTS:

Advencement in praumplifier performance technologys improved material growth
technologyt small volume, luw power coocling systems,
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DEFINITION OF TECHNOLOGY REQUIREMENT

NO.

—
—

——Remote Sepsing

1. TECHNOLOGY REQUIREMENT (TITLE): _Infrared Detectors for PAGE 3 OF _4 ﬁ

12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM

75

76

77

79]80

81

82

83]84]85186]87[88]89]90

91

> 1, Materials Growth

TECHNOLOGY ¢

Pyroelectric Detectors:

1, Elec., Component Des,

2+ Component Development

3. Array or CCD Hybrid
Fabrication

4. Space Chickout

I1I-V & II-VI Compound
Detectors:

2. Detector Fabrication
3o Analysis

4, Ground Checkout

S5e¢ Space Checkout

4.

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

!
TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

1.

OR MATHEMATICAL MODEL,

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA ORSCRVED AND REPORTEDN,
3, THEORY YORMULATED TO DESCRIBE PHENOMENA,
3. THEORY TESTED BY PHYSICAL EXPERIMENT

4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATZ
N E.C., MATEIIAL, COMPONENT, ETC,

ot

"Infrered Technology for Remote Sensing,

Proceedings of the IEEE, 63, No. 1 (19

75

T /MPONENT OR BREADBOARD TESTED [N RELEVANT

" Special Issue,

)e

ENVIRONMENT IN THE LARORATORY,

8. MOCEL TASTED IN AJRCRAFT ENVIRONMENT,
e MOLCL ESTED IN SPACE ENVIRONMENT,

L 3
10,

NEW CAPARLITY DERIVED FROM A MUCH LESSER

RELIABILITY UPGRANING OF AN OPERATIONAL MODEL,
LIFSTINE EXTENEION OF AN OF'LRATIONAL MODEL.

OPERATIONAL MODEL.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE): Infrared Detectors for  PAGE4 OF 4_

Remote Sersing

4,

CURRENT STATE OF ART:

(cont'd.)

Over the wavelength range 1-20 micrometers, pyroelectric detectors have a

1
relatively low detectivity (D*= 5 x 108 em-Hg? —Watt-l) but require little
or no cooling.

8.

TECHNICAL PROBLEMS:

(conttd.)

5. Relatively long response times in pyroelectric detectors which
restricts their practical operating frequency. ’

6. Pyroelectric detectors highly sensitive to vibrations.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

TECHNOLOGY REQUIREMENT (TITLE): Red Extended Pin =~ PAGE 1 OF 3
Silicon Photodiodes

T e e

2.

3.

TECHNOLOGY CATEGORY: Sensing and Data Acquisition

OBJECTIVE/ADVANCEMENT REQUIRED:__To develop pin silicon photodiodes
that can operate at 1,0 um without large sensitivity changes with temperature.

1.

CURRENT STATE OF ART: __Fresently silicopn photodiode responsibility is

very temperature sensitive at lum,

HAS BEEN CARRIED TO LEVEL __

~

Jd.

DESC RIPTION OF TECHNOLOGY

Silicon photodiodes temperature sensitivity at 1pm is large - 0,5% per °c.
This change would appear, for example, as a signal change with solar
heatinge Ore solution is to extend the peak spectral sensitivity toward
1ym, This, however, may force a more undesirable mode, i.e., reverse
biase

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,[0 B,0J ¢/D

e m et S

6.

RATIONALY, AND ANALYSIS:

(a) These diodes are needed in remote sensing of aerosols since lum is
an atmospheric "window" region with no interfering gaseous absorption.

(b) Could re used on SAM II/Nimbus-G, SAGE/AEM B, and future Shuttle
missions,

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT

NO.

—————

————ae

1. TECHNOLOGY REQUIREMENT(TITLE): _Silicon Photodicdes..

PAGE 2 OF 3

7. TECHNOLOGY OPTIONS:
(a) Germanium might be applicable.

(b) Active temperature control.

8. TECHNICAL PROBLEMS:

Ccnstruction of such diodes.

Y. POTENTIAL ALTERNATIVES:

None,.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP 642-12-13 is developing the SAM II/Nimbus-G hardware.

EXPECTED UNPERTURBED LEVEL

11. RELATED TECHNOLOGY REQUIREMENTS:

None,

ER
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

L

1.

TECHNOLOGY REQUIREMENT (TITLE): _Silicon Photodiode.., PAGE 3 OF _3_

=

12,

TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 ]77]78]79]{80|81

82|83]84{85/86]8788189]90191

1.
2,
3.
4,
5.

TECHNOLOGY

Analysis & Design
Breadbonard & Test

1.
2,
3.
4,

APPLICATION

Design (Ph. C)
Devl/Fab (Ph. D)
Operations

13.

USAGE SCHEDULE:

TECHNOLOGY NEED DATE

T
TOTAL

NUMBER OF LAUNCHES

15.

14. REFERENCES:

LEVEL OF STATE OF ART

1. BASIC PHENOMENA OBSERVED AND REFORTED.
2, THEORY FORMULATED TO DESCR!BE PHENOMENA,
3. THEORY TESTED BY PHYSICAL EXPERIMENT

OR MATHEMATICAL MODEL..

4. PERTINENT FUNCTION OR CRARACTERISTIC DEMONSTRATED,
E.C., MATERIAL, COMPONENT, ETC,

-8

. MODEL TESTF.D IN AIRCRAFT ENVIRONMENT.
. MODEL TESTED IN SPACE ENVIRONMENT.
. NEW CAPAMLITY DERIVED FROM A MUCH LESSER

COMPONFNT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

OPERATIONAL MODEL.
RELIARILITY UPGRADING OF AN OPERATIONAL MODEL,
LIFETIME EXTENSION OF AN OF'LRATIONAL MOL £L,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE): Optimization of ~___ PAGE 1 OF 3
Infrared Radiation Detection

2. TECHNOLOGY CATEGORY: Infrared Detectors
3. OBJECTIVE/ADVANCEMENT REQUIRED:__ Reduction of low temperature

operational requirements for infrared detectors

4. CURRENT STATE OF ART: _Low noise tri-metgl detectors - operate at
temperatures no higher than 90%K as typified by 5191 on Skylab,
HAS BEEN CARRIED TO LEVEL T

5. DESCRIVTION OF TECHNOLOGY

To generate usable signals in long wavelength infrared detectors, the detector
must be cooled to temperatures near 77%. Operation at higher temperatures is
limited because of the nresence of inherent thermal noise, Frequently, the
cooling process introduces a significant amount of noise. The use of liquid
nitrogen cooling is inconvenient, and can be hazardous to perscnnel, It is
suggested that a low-noise, moderate temperature detector may be developed
through a methodical computer aided research program in terms of general
material, environmental, and impurity considerations such as band structure,
transport properties, and temperature,.

P/L REQUIREMENTS BASED ON: [] PRE-A,[0J A,(0J B,00 ¢/D

6. RATIONALF AND ANALYSIS:

(a) Relaxed temperature requirements for infrared detectors are required
so that weight and power consumption required far cooling may be reduced
and flexibility may be expanded.

(b) Low altitude and orbital earth obsexrvation remote sensing systems will
benefit from this technologye

(c, +echanical refrigerators of liquid nitrogen cooling devices severely
limat the flexibility and the operating time of infrared detection systems,

.d) This technology advancement will be a new capability derived from
present infrared detector technologys.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

E = —

1. TECHNOLOGY REQUIREMENT(TITLE): Optimization of Infrared PAGE 2 OF 3_

Radiation Detection

7. TECHNOLOGY OPTIONS:

An alternative toc moderate temperature detectors would be to find a suitable
means of cooling detectors to low temperature by non-mechanical means such
as by cryogenic pumping techniques, This type system would be clesed cycle
and free from the noise generated by a mechanical pump.

8. TECHNICAL PROBLEMS:

l, Processing or fabrication proklems.
2. Environmental considerations.
3. Mathematical expression of a generalized detector.

Y., POTENTIAL ALTERNATIVES:

Investigate detector characteristics as related to fundamental
material properties sepsrately as well as in combination.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

EXPECTED UNPERTURBED LEVEL 2

11. RELATED TECHNOLOGY REQUIREMENTS:

Low=noise pre-amplifiers,

Design cryogenic refrigerators with less stringent cold temperature
requirements,

My e
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

red Radiation Detection

1. TECHNOLOGY REQUIREMENT (TITLE): Optimization of Infra- PAGE 3 OF _3

12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

2.Mathematical Model

3.Fezbrication Techniques
Developed
4. Fabrication

SCHEDULE ITEM 751761771 78179|80(81]82|83]84|35{86|87]88]|89/90]91
TECHNOLOGY
1. Analysis -

cae AT L T e

5, System Integration —t

6.Testing & Documenta- —
APPLICATION tion

1. Design (Ph. C) _

2. Devl/Fab (Ph, D)

3. Operations

4,
13. USAGE SCHEDULE:
1
TECHNOLOGY NEED DATE, A TOTAL
NUMBER OF LAUNCHES 21213}la 11

14. REFERENCES:;

15. LEVEL OF STATE OF ART

1. PBASIC PHENOMENA ORSERVED AND REPORTED.,

2. THEORY FORMULATED TO DESCRIBE PHENOMENA.

3. THEORY TESTED BY PHYSICAL EXPERIMENT
OR MATHEMATICAL MODEL,

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, CONMPONENT, ETC,

(1) Infrared System Engineering by Richard D, Hudson, Jr., 1969

. NEW CAPARILITY DERIVED FROM A MUCH LESSER

. LIFETIME EXTENSION OF AN OI'LRATION.\'. MODEL,

COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

MODEL TESTED IN AIRCRAFT ENVIRONMENT,

MODEL TESTED iN SPACE ENVIRONMENT,

OPERATIONAL MODEL,

RELIARILITY UPGRADING OF AN OPERATIONAL MODEL,

R T P R
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

Wm

1. TECHNOLOGY REQUIREMENT (TITLE): _Radiative Refrigeration PAGE 1 OF 3 _
Design

2. TECHNOLOGY CATEGORY: _Infrared Detector Refrigeration

3. OBJECTIVE/ADVANCEMENT REQUIRED: _Increzsed sensitivity of infrared
systems used in orbital applications for remote sensing of environment,

4. CURRENT STATE OF ART: _Several designs for passive systems have been
used, but evaluations and design tasks have not been attempted for lack of
opportunity. HAS BEEN CARRIED TO LEVEL 3

-

5. DESCRIPTION OF TECHNOLOGY

The sensitivity of infrared detectors is dependent on the attainment and
maintenance of very low temperatures - near liquid nitrogen. The practical
approach to this requirement for long term missions is to utilize passive
radiative refrigeration systems, The operation of these hinges on the
temperature difference between outer space and the object requiring cooling.
Several designs have been used in an attempt to accompiish the required
results, These efforts have met with moderate success. A new system

based on a comprehensive evaluation of current approaches concurrent with

a design effort would provide increased infrared detection sensitivity.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,(J B,00 ¢/D

6. RATIONALE AND ANALYSIS:

(a) Currently used infrared detectors require temperatures in the
range of 80 degrees Kelvin,

(b) Development of this system would benefit satellite designs of the
ERTS=c type, In some applications, the Themmatic Mapper would benefit.

(c) Present designs provide temperaturesoin the 195%K range with
theoretical predictions down to about 100°K, Improvements would result

in greate» ground target thermal resolution, protably by an order of
magni tude,

(d) This technology advancement should be carried to an experimental
demonstration in an early Shuttle flight.

TO BE CARRIED TO LEVEL J—__J
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.,

e —

1. TECHNOLOGY REQUIREMENT(TITLE); Radiative Refrigeration PAGE 2 OF 3

Design

7. TECHNOLOGY OPTIONS:

The effectiveness of passive refrigeration devices relate to the ability
of the system to radiate into outer space., This is a materials, as well
as a geometry problem. It is proposed that a pallet of several designs
be simultaneously evaluated in a modular/adjustment configuration
permitting real—-time interactive modifications.

8. TECHNICAL PROBLEMS:

l. Thermal path between infrared detector and refrigeration system.
2. Ability of system to radiate into outer space (Radiator Design).
3, Pecinting of system into outexr space.

Y, POTENTIAL ALTERNATIVES;

Pessibly using adsorptive pumping techniques using solar energy for
power input in a conventional refrigeration cycle.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Current research by JSC for development of adsorption pumping techniques
for use in cryogenic refrigeration purposes,

EXPECTED UNPERTURBED LEVEL 3

11. RELATED TECHNOLOGY REQUIREMENTS:

Infrared detector techbnology, low temperature technology, remote
sensing technology.

pEbRIPUCIBILITY OF THE

210 (MAL PAGE IS POOR
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE): Radiakive Refrigeration PAGE 3OF _3_

Desdign

12, TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 }77}78179]80]81

82]83/84|85§86/87}88}89}90

91

TECHNOLOGY
1. Aralysis
2, Mechanical & Thermal
Design -
3. Fabrication

4, Test

5. Documentation

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)

3. Operations

4.

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE L

TOTAL

NUMBER OF LAUNCHES 213

14. REFFRENCES:

"Infrared System Engineering" by Richard D, Hudson, Jr, 1969

15. LEVEL OF STATE OF ART

+ BASIC PHENOMENA OBSERVED AND REPORTED.

1 s
2. THEORY FORMULATED TO DESCRI!BE PHENOMENA, ?
s s

« THEORY TESTED BY PHYSICAL EXPERIMENT
OR MATHEMATICAL MODEL,

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, LS

E,C., MATERIAL, COMPONENT, ETC, 10,

8. COMPONENT OR AREADBOARD TASTED IN RELEVANT

ENVIRONMENT IN THE LARORATORY,

MODEL TESTED IN AIRCRAXT ENVIRONMENT,
., MODEL TESTED IN S8PACE ENVIRONMENT.
NEW CAPARILITY DERIVED FAOM A MUCH LESSER

OPERATIONAL MODEL.

RELIARILITY UPRRADING OF AN OPERATIONAL MODEL,
LIFETINE EXTENSION OF AN QI'LRATIONAL MODEL, 3
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

———— e Eamaaa

1. TECHNOLOGY REQUIREMENT (TITLE): _Improved Technology PAGE 1 OF ___
and Materials for Interference Filters and Anti-Reflection Coatings

2. TECHNOLOGY CATEGORY: Remcte Sensing of Stratosphere Gases
3. OBJECTIVE/ADVANCEMENT REQUIRED: More durable, stable, interference

coatings for IR cptical elements in the 1-20 ym spectral range, Must withstand
pWWWMWW

4+race constituents (HCl, SO , etc.)

4 , .
4. CURRENT STATE OF ART; Multi-layer anti-reflection (MLAR)} or filter coat~

ings exist, but have not been space qualified for operation in gas-filters or at
suitable cryogenic temperatures for required 1ifeHAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY times.

Multi-layer AR and Filter Coatings have been used for several years in IR
sensor systems. The system spectral response (particularly out-of-band) in
operation has often not been that predicted based on the design and
individual component measurements. The systems to-date have usually not
been adequately evaluated after prolonged exposure to cryogenic tempera-
tures or space and ihe long-term stability under such conditions. Nor

have such coatings been used in proximity with gaseous constituents unless
they were known to ‘e inert. Present IR coating materials must be evaluated
under reslistic use conditions for stability over durations of six months

to three years.

P/L REQUIREMENTS BASED ON: [J PRE-A,[0J A, B,[0 ¢/D

6. RATIONALE AND ANALYSIS: @ Multi-layer anti-reflectance costings are
needed in all electro-optical sensors.

® Background blocking filters are required
in all narrow-band electro-optical sensors.

® Trace constituent measurements will require
maximum sensitivity achievable and therefore require coatings used at
cryogenic temperatures (30K to 150K).

® Trace constituent measurements will require
maximum spectral discrimination thus requiring coating of elements in
proximity with "active" gases.

TO BE CARRIED TO LEVEL __=J
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.,
— w—— — — |
1. TECHNOLOGY REQUIREMENT(TITLE): __Improved Limp Viewing  PAGE 2 OF 3_
IR Radiometer
7. TECHNOLOGY OPTIONS:
8. TLCHNICAL PROBLEMS: .
®  Multi-channel inflight calibration techniques which mateh calibration levels
to flight data ranges and having required accuracy.
® Higher sensitivity detectors for the 5-20 m spectral range.
® Llong-life detector coolers with reasocnabls weight and/or power requirements,
® Improved spectral filtering.
L4 Improved out-of-field energy rejection.
9., POTENTIAL ALTERNATIVES:

Develop multi-corstituent sensors for simultareous measurement of related
parameters using spectroscopic, interferometric, or laser approaches for
measurement in snlar occultation mode.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOL )GY ADVANCEMENT:

RTOP 176-10-31 has a low level of funding to support some studies relating to
improvements of existing AAFE-LACATE sensor design (active scamnirg, azimuth
pointing filter radiometer).

EXPECTED UNPERTURBED LEVEL __

11.

RELATED TECHNOLOGY REQUIREMENTS:
As discussed herein,

Improved spacecraft attitude rate measurement subsystems for correction
of data for spacecraft motion during data taking.

o ,'.w?:‘ = T Jgeriedr W
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DEFIN(TION OF TECHENO!.NGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (7i:.yl): _Improgved Limb Viewing PAGE 3OF _3_
IR Radiometer

.t e
e

i2. TECIINOLOGY REQUIREMENTS SC'tv #JLE;

N  CALENDAR YEAR

SCHEDULE ITEM 75176177 78‘-]',"§80 81182183|84|3518618788{89]|90191

', ECHNOLOGY A+ Existing

Design i
i. Component SAT x| % i
2. lrwroved Design x ‘

3. EM Tievelopment
B. New Desici Aporoachec

P
1, Analysis & ‘radecffs 50,
2. Design A X
3« EM Development x | x
APPLICATION
' 1o Preliminary Stratos-

Eggféﬁ survey-existing | x
2. Flight test new design X
3e Stratospheric Survey x| x

x1x
13. USAGE SCHEDULE:
-7
TECHNOLOGY NEED DATE x X TOTAL
NUMBER OF LAUNCHES 141
14. REFERENCES:
15, LEVEL OF STATE OF ART 8. COMPON*NT OR BREADBOARD TASTED IN RELEVANT
ENVIRONNENT IN THE LARORATORY.

1. BASIC PHENOMENA OPSERVED AND RETORTED, 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT,

1. THEORY FORMULATED TO DESCRIBE PHENOMENA. 1. MODEL TESTED IN SPACE ENVIRONMENT,

3. THFORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPARILITY DERIVED FROM A MUCH LESSKR

OR MATHEMATICAL MOLEL, OPERATIONAL MODEL,
4. PERTINENT FUNCTION OR CHARACTERIGTIC DEMONSTRATED, 9, RELIABLITY UPGRADING OF AK OPERATIONAL MODEL.
E.0., MATERIAL, COMPONENT, ETC, 16, LIFETINE EXTENSION OF AN OFLRATIONAL, MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT N9,

W—‘&_—:_————ﬂ
1. TECHNOLOGY REQUIREMENT (TITLE): _Stratospheric Research PAGE > OF 4_
(Gases)
2. TECHNOLOGY CATEGORY: Remote Sensing from Satellites

3. OBJECTIVE/ADVANCEMENT REQUIRED:__Increased sensitivity detectors,
very high resolution instrument techniques, advanced airborne cdetector

cooling system technology.

4. CURRENT STATE OF ART: _Present IR detectors provide a figure of merit _
(D* in the 109-1011 range, Instrumentation for satellite global monitoring is
capable of 0.1 t:m"'l spectral resolution, (cont'diAS BEEN CARRIED TC LEVLL _

5. DESCRIPTION OF TECHNOLOGY

The sensitivity needed to study the gases of importance in future stratos-
pheric research will require a one to two order of magnitude improvement

in detector D. Also, the spectral resolution capability for an operational
monitoring instrument (in the infrared) will need to be increased by about
one order of magnitude to C.0l1 em~L, Long lifetime detector cooling svystems
are required (2-3 years) with operating temperature capability in the range
of 30K or less. The most hopeful approsch to me. .ing these cooling needs

is the use of a closed cycle system such as the Vuilleumier (VM) cooler.

A coal should be an operating power of no more than 60 watts,

P/L REQUIREMENTS BASED ON: [J PRE-A,[0 A,0 8,00 ¢c/D

6. RATIONALF. AND ANALYSIS:

Present systems for remote measurement of stratospheric parameters from
satellites have been designed to measure the more obvious, less difficult
trace gases (e.g., 03, li;0, CHy, N,O0, NO,, NO, HNO3, and C0). However,

as our knowledge of the stratosphere advances, there will be a need to measure
some of the more subtle but very important stratospheric gases. Some of
these gases which are involved in the ozone depletion problem include

OH, HC1, HM, HBr, Cl, C10, CPy, Cly, ("Freons"), HO;, Br,, CH3Br, CCl,, and
CH3Cl, Others which are important trom the standpoint of radistion balarce
and gerosol-can chemisiry include 30; and NH3. All of these gases have
concentrations in the parts per trillion range and most of them have not been
cbserved in the stratosphere primarily because of limitations on instrumental
sensitivity and spectral resclutior. It may be necessary to cool not only
the detecters but also the instri'ment optics in order to achieve the desired
sensitivity. Monitoring instruments for operational use are needed to
measure long-term trends in these constituents.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT

NO,

1. TECHNOLOGY REQUIREMENT(TITLE):

Stratospheric Research PAGE 2 OF 4_

(Gases)

-3

TECHNOLOGY OPTIONS:

None.

8. TECHNICAL PROBLEMS:

It may not be feasible in the near future to construct a long lifetime
cooling system which would ocperate at the desired temperature and
power levels, especially if optics must also be cooled.

Y, POTENTIAL ALTERNATIVES:

None.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEILENT:

Various programs are presently underway to measure stratospheric trace
gases both in the limb emission and cccultation modes. These include -
the Nimbus G SAMS and LIMS and the Atmospheric Explorer SAGE, In
addition, improve LACATE and SAMS programs are in progress. These
concepts cnuld be extsnded and the ef‘forts ‘Focused on achieving the

desired technology advances,.
(cont'd,) EXPECTED UNPERTUBBED LEVEL

11. RELATED TECHNOLOGY REQUIREMENTS
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

or———
—r—

1. TECHNOLOGY REQUIREMENT (TITLE):

PAGE 3 OF _4

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM

75

76

77

78179

80|81

82183]84|35[86]87]88]|89190}91

TECHNOLOGY
1,

2.
3.
4.
5

APPLICATION
1. Design (Ph. C)

Devl/Fab (Ph. D)

2
3. Operations
4

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

T
TOTAL

NUMBER OF LAUNCHES

14, REFERENCES:

«

OR MATNEMATICAL MODEL.

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA OBSERVED AND REPORTED,
2, THEORY FORMULATED TO DESCR!BE PHENOMENA,
« THEOGRY TESTED BY PHYSICAL EXPERIMENT

+ PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, COMPONENT, ETC.

. COMPONENT OR BREADBOARD TESTED IN RELEVANT
. MODEL TESTED IN AIRCRAFT ENVIRONMENT.

. NEW CAPANILITY DERIVED FROM A MUCH LESSER

. LIFETIME EXTENSION OF AN OI'LRATIONAL MODEL,

ENVIRONMENT IN THE LARORATORY,
MODEL TESTED IN SPACE ENVIRONMENT,

OPERATIONAL MODEL,
RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,

217
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, ¥

1. TECHNOLOGY REQUIREMENT (TITLE): Stratospheric Research PAGE4 OF 4_ ,

(Gases) ‘

;o

i

4, CURRENT STATE OF ART: (cont'd,) :

and cooling is achieved presently by use of solid cryogen technology (65K ll

operation). Refrigerator systems are undev development but present approaches E

create heavy power loads. +
10, PLANNED PROGRAMS OR UNPERTURBED TECKNOLGGY ADVANCEMENT: (conttd.)

A;;o,:uarinus interferometer and spectrometer techniques have been used from 5

ballpons and aircraft. These approaches couid be optimized for a specific g

gas ox set of gases in designing a monitoring instrument. In the cooler _

- area, varivus military and NASA programs are underway to advance the technology. 5

These efforis will serve as base points in building future ischnology. .
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SECTION F: ASTRONGCMY/PLANETARY PAYLOADS

F-1 EXTREME ULTRAVICLET ASTRONOMY

Application

™

Astronomical observations in the extreme ultraviolet support at least
of the 12 Dutlook for Space themes. The specific themes supported by *his
payload are:

08 The Nature of the Universe

09 The Origins and Fate of Matter

10 The Life Cycle of the Sun and Stars

11 The Evolution o% the Solar System
Payload Description

The Extreme Ultraviolet Astronomy payload will consist of a collection
of advanced extreme ultraviolet instrumentation which will include:

a. Extreme UV telescope with advanced optics of about 40 cm operative.

b. Multiple instrument magazine for the XUV telescope with at least

3 advanced extreme UV detectors one of which will be on imaging
device of approximately 40,000 elements.

c. Extreme Ultraviolet Spectrometer.

de Advanced Instrument Pointing system (Video Inertial Peinting System,
for example) with at least 1 arc second stability).

This payload would serve as a test bed to test advanced instrumentation for
both stellar and planetary observations,

The planetary observations will yield information on the presence, con-
centration and temperature of such XUV emitting gases cr He, Ne, Ar, N, etc,
The Solar observations will yield additional information about the composition,
temperature, and motion of the solar atmosphere.

The technology demonstrated during this flight supports a large number

of planned astronomy missions. No clear technology readiness date exists for

219

sl e e wel e e e

—~—
.

St KT A L e e T a3 A S DL L e g Tt Y gy e -

esoai



N

& I

.t g

)

e e

S

this payload but a demonstration flight in 1985 would enable the technolagy
to be utilized in 59 of the 107 -stronomy payloads that contain extreme
ultraviolet instrumentation and are scheduled for the 1981-1991 period.
Technology Advancement Reguired

Several technolaogy advancements are required in the basic extreme
UV telescope., Specific items to be addressed include active contamination
control, reflective coatings, and narrow band pass filters.

Therc are many technology advancements that could be investigaced 5 .
ihe deployment of the multiple instrument chawber. In addition te the
increased sensitivity and 10! range required Tor the flux counting detectors
there are significant reductions in telescope observing time that can be
realized with higher resolution extreme ultraviolet imaging systems. The
desired resolution imaging device appears to be a two dimensional array of
20,000 by 20,000 elements. This array of 4 X 1DB elements represents the
resolution of currently used ultraviolet film and is an extremely ldﬁg
range goal, For example, the Outlook for Space Technology forecast would
not forecast this capability until about the year 2040. However, a imaging
system array of 40,000 elements listed as one of the payload elements
represents a factor of 2.5 increase in current technolcgy and should be
ready for a 1985 flight demonstration.

The third element in this payload is an Extreme Ultraviolet Spectrometer.
The major technological advancements requiring demonstcation arss

a, 0One Angstrom Spectral Resolution

b, 300 to 1200 Angsirom Spectral Range

c., Sensitivity to about a minimum of 107 photons/sec/cm2

The fourth element in this payload is the demonstration of an advanced
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astronomical pointing system of at least one are second stability for
long periods (30 minutes).

Associated Mission Model

As mentioned previously, this Extreme Ultraviolet Astronomy payload
would support 59 of the 107 astronomy missions containing extreme ultra-
violet instrumentation planned between 1981 and 1691, Specifically,
five flights of the Large Solar Observatory (AST-T), 34 flights of the

Steller Sortie Mission (AST-10), and 2T £1ights of the Solar Sortie Mission

(AST-11).
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE): _Extreme Ultraviolet PAGE 1 OF 2_
(EWV) Spectrometexr to Measure Planetary EUV Emissions from the Space Shuttle
2. TECHNOLOGY CATEGORY: ___S/C Sensors

3. OBJECTIVE/ADVANCEMENT REQUIRED: Sensitive high spectral resolution
spectrometer to study EUV emissions (i.e

Ne, Ar, N, etc,) in

jlanetary atmospheres.
4. CURRENT STATE OF ART: __Vexy poor ~ no EUV spectrometer has flown in the

earth'!s atmosphere to meagure planetary EUV emissions.
HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

High resclution spectral resolution (~ 1 R)
Spectral range ~300-1200 R

High sensitivity - be able to detect about 10 Rayleighs from Venusi
Mars, Jupiter and Saturn (where 1 Rayleigh - 106 photons cm~2 sec™t).

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,[0J B, ¢/D

6. RATIONALF AND ANALYSIS:

Fundamental knowledge concerning the composition and structure of the
uppex atmospheres of the planets and the evolutionary history of
planetary atmospheres can be obtained with EUV measurements.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1.

TECHNOLOGY REQUIREMENT(TITLE): _EUV Spectrometer

to Measure Planetary EUV Emissions from Space Shuttle

PAGE 2 OF 2_

7.

TECHNOLOGY OPTIONS:

N/A

8.

TECHNICAL PROBLEMS:

The design of "optical” instruments in the extreme of vacuum ultraviolet.

POTENTIAL ALTERNATIVES:

Metallic-filter photometers work in the EUV spectrum. However, these
Photometers have very wide bandwidths and are not very sensitive.

19.

PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:
LRC has jet feasibility contracts with Bendix Aerospace Systems Division

and the Space Science Laboratory of the Umiversity of California at
Berkeley to design a shuttle EUV spectrometer for planetary measurements.

EXPECTED UNPERTURBED LEVEL __

11,

RELATED TECHNOLOGY REQUIREMENTS:

N/A
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
| —= ——
. TECHNOLOGY REQUIREMENT (TITLE): PAGE 3OF ____
12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM

75|76 {77]78]79]80/81]82]83{84}35]86]87]88189]9091

1'

5.

TECHNOLOGY

1,

4.

APPLICATION
Design (Ph. C)

2. Devl/Fab (Ph. D)

3. Operations

15,

USAGE SCHEDULE:

TECHNOLOGY NEED DATE

)
TOTAL

NUMBER OF LAUNCHES

14.

REFERENCES:

15, LEVEL OF STATE OF ART

1.
2.
3,

4.

ENVIRONMENT IN THE LARORATORY.
BASIC PHENOMENA ORSERVED AND REPORTED,
THEORY FORMULATED TO DESCR!BE PHENOMENA,
THEOIY TESTED BY PHYSICAL EXPERIMENT

OR MATHEMATICAL MODEL,

7. MODEL TESTED IN SPACE ENVIRONMENT,

OPERATIONAL MODEL.

PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIABILITY UPGRANING OF AN OPERATIONAL MODEL.

E.G., MATERIAL, CONPONENT, TTC, 10, LIFETIME EXTENSION OF AN OJ'LRATIONAL

8. COMPONFNT OR AREADBOARD TESTED IN RELEVANT
6, MODEL TESTED IN AIRCRAFT ENVIRONMENT,

8. NEW CAPAINIITY DERIVED FROM A MUCH LESSER

MODEL,
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F-2 INFRARED ASTRONOMY/COLUMN DENSITY MONITOR

Applicgtion

The Column Density Monitor is the first of three instruments and
facilities aimed at using the Shuttle as a base for astronomical obser-
vations in the infrared, and especially the far-infrared (wavelengths
above 30 microns). The second element will be a device referred to as
the Advanced Technology Radiometer which is also being proposed as a
Shuttle payloade The third element in this program will be the deploy-
m2nt and operation of large IR facilities and as the 0SS Shuttle/Space-
lab Infrared Telescope Facility (SIRTF).

The Shuttle/Spacelab Infrared Telescope, alang with the Large Space
Telescope, support the following Outlook for Space themes listed below:

08 The Nature of the Universe

05 The Origins and Fate of Matter

10 The Life Cycle of the Sun and Stars

11 The Evolution of the Snlar System
Payload Description

"If infrared astronomical telescopes are to be used to their full
advantage on the Space Shuttle, the column density of gas above the Shuttle
payload bay must not exceed 1012 infrared-active molecules cm-z. Hz0 is the
molecule of gresatest concern because of its abundant offgassing from the
Orbiter and its strong rotational and vibration-rotational spectrum which
spans the infrared spsctral range. Other molecules such as CO, and N0 also
contribute significantly to the IR background. In addition to the molecu=-

lar line radiation there will be continuum radiation from the zodiacel light,

stars, and contaminant dust particles. A cryogenically cooled radiometer
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with a 10 to 35 cm aperture, an array of 10 to 18 low noise detectors

at the focal plane, a rotating, cold chopperfilter, and a well baffled
enclosure could detect column densities of water at 270 K as small as

1010 em™2., By measuring the intensities of two bands of water with

different temperature dependency both the column density and temperature

can be determined. The information obtained by such an instrumert will

be very helpful in determining the most desirable operational modes of the
Shuttle nat only for IR astronomy but for sensitive UV and visible obser-
vations as well," (Reference NASA-SP-379),

The third stage development, The Shuttle Infrared Telescopic Facility
is currently scheduled for Shuttle flight #21 which is to be launched in
1981, For the Column Density Monitor to be of maximum value it must be
ready for one of the very first (1980) Shuttle flights.

Technology Advancement Reguired

Two areas of technology need advancement., These are, first, the
development of a focal plane chopperfilter system is required to reject
random thermal noise and thus obtain the required system sensitivity.
Second, improvement in the performance modeling of instruments so that the
contaminants and particles can be readily distinguished from the natural
external ervironments. Additionally, data from some selected detectors
could be enhanced if techniques to achieve temperature below 2°K could be
developed and demonstrated in space.

Associated Mission Model
This payload is in direct support of the Shuttle Infrared Telescope

Facility which is scneduled to be launched in 1981,
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DEFINITION OF TECHNULOGY REQUIREMENT NO. _
1. TECHNOLOGY REQUIREMENT (TITLE): _Colunn Dengity PAGE 1 OF _3_

Monitor for Infrared-Active Molecules
i 2. TECHNOLOGY CATEGORY: Sensors

3. OBJECTIVE/ADVANCEMENT REQUIRED:_ Measure the column densities,
‘species, and temperatures of infrared-active contaminants in the vicinity of

A

sh 'ttle. Also to detect infrared-emitting particles,

4. CURRENT STATE OF ART: Existing techniques for measuring contaminants
cannot provide the required combination of column density, temperature, and
particle environment. HAS BEEN CARRIED TO LEVEL3/4

5. DESCRIPTION OF TECHNOLOGY

Sufficient analysis has been completed to define preliminary performance
requirements (ref.) for determining the combination of column density,

L temperature, species and particle environment, Cryogenically cooled

% radiometers of the approx. aperture size (35 cm) exist and could be modifieg
o to accept a new .hopped/filter and focal plane. A sensitivity of 10-15w/Hz
; should be achieved over the range of 6 to 30 microns. A cooled, rotating
chopper/filter and focal plane needs to be developed which is capable of

the same sensitivity in the following bands: 6.0-6,1, 6.2-6,3, 6.4-6.5,
23.4-23.7, 23,7-24.0, 24,0-24,3, 28-29, 29-30, and 6~30 microns,

P/L REQUIREMENTS BASED ON: PRE-A,[] A,O 8,0 ¢/D
6. RATIONALF AND ANALYSIS:

S ez

3 l. Shuttle contamination environment is a major concern of astronomers who
; are considering shuttle as a platform for telescopes.

‘ 2. Performance requirements are based on the need to verify that the con=
¢ ‘ tamination environment will not impair IR (emission) and UV (absorption and
; \ scattering) telescope performance. (Less than 1012 IR active molecules/cm2

and less than one 5 micron or larger particle per orbit in a 15 arcminuts
fisld=of=view.)

3. Analvsis o7 performance requirsments shows existing cooled, IR radiometers
can be used with modification, Clopper/filter and focal plane need
development, Approp 1ate detectors are, or will be, available,

4. Technology needs to be demonstrated on early shuttle flights, concurrent
with measurement of the contamination environment.

e e

TO BE CARRIED TO LEVEL 7
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F DEFINITION OF TECHNOLOGY REQUIREMENT NO,

——— e ———— mﬁ
1. TECHNOLOGY REQUIREMENT(TITLE): Column Density PAGE 2 OF 4.
Mornitor for Infrared-Active Molecules

7. TECHNOLOGY OPTIONS:

Ac described below (section 9), other known teckniques cannot provide the
combination of measurements required., Smaller apertures may be used, but
would require the development of more sensitive detectors.

8. TECHNICAL PROBLEMS:

Major problems are the design and demonstration of the chopper/filter and the
focal plane, cooling the focal plane to less than 109K and the optics to
about 209K, distinguishing individual contaminant and particle signals from
each other and the external environment, and achieving the required NEP.

Y. POTENTIAL ALTERNATIVES:

Other techniques for measuring contaminants include deposition rate, laser
excitation, and measurement of solar spectrum. However, none of these
techniques can provide combination of specie, column density, temperature,
and particle ervironment,.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

FY'75 funding received from Code RS for initial definjtion of a column density
monitor. Some additional funding expected from OMSF Jf’chz:ough Naumann at MSFC)
for further definition. Hardware development and demonstration funding

is required.

EXPECTED UNPERTURBED LEVEL3/4

11. RELATED TECHNOLOGY REQUIREMENTS:

Spacelab astronomy payloads, especially IR,
Contamination

Cryogenics

IR detectors
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,
== = e =
1. TECHNOLOGY REQUIREMENT (TITLE): _Column Density PAGE 3 OF ._3.1

Monitor for Infrared Active Molecules

12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 177]78]79]80{81

82

83}84135186]187188]89/90]91

TECHNOLOGY

1. Performance Require-
ments

2. Choppex/filter and
focal plane develop~

* ment -
4. Preliminary Design -
5.

APPLICATION

1. Design (Ph, C)
2, Devl/Fab (Ph. D)
3. Operations

a.

3. USAGE SCHEDULE:

TECHNOLOGY NEED DATE x] 17117 TOTAL
NUMBER OF LAUNCHES 2| 3l2]2]2 | '

14. REFERENCES:

Infrarsd-Active Molecules,"

Simulation, NASA SP-379

18, LEVEL OF STATE OF ART

Fe Ce Wivtenborn, et. al,, "A Radiometer for Monitoriry Column Densities of

Broceedings of the 8ih Confexence cn Space

5. COMPONENT OR BREADBOARD TESTED IN RELEVANT
PNVIRORMENT IN TIIE LABORATORY.
1, BASIC PHENOMENA ODSERVED AND RETORTED, 6. MODEL ThJTED IN AIRCRAFT ENVIRONMFNT,
2. THEORY FORMULA " ) TO DESCRIBE PIENOMENA, 7. MODEL TESTED IN SPACE EXVIRONMENT.
3, THRORY TESYED BY PHYSICAL EXPERIMENT §. NEW CAPANILITY DERIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL, OPERATIONAL MODEL, )
4, PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIANLITY UPGRADING OF AR OPERATIONAL MODEL.
E.G., MATERIAL, COMPINENT, ETC, 18, LIFETINE EXTENSION OF AN OFLEATIONAT, MOLYL,
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F-3 INFRARED ASTRCNOMY/ADVANCED TECHNOLOGY RADIGMETER

Application

The Advanced Techroleogy Radiomeier is the second s*age development in
a three element effoxt comprised of:

1, Celumn Density Monitor

2, Advanced Technology Radiometer

3. Shuttle Spacelab Telescope Facility
The overall objective of these efforts is to make Far~Infrared observations
from the Shuttle in the wavelenyth region from 5 to 100 microns. These ob-
servations support the four Outlook for Space themes listed below:

08 The Nature of the Universe

09 The Origins and Fate of Matter

10 The Life Cycle of the Sun and Stars

11 The Evelution cof the Solar System
Pavload Description

The Advanced Technology Radiometer payload will attempt to package sig-
nificant technology improvements from three different technical disciplines.
The peyload will build on expected earlier experience with the Column
Density Monitor and, in fact, use some of the same hardware. First,
improvements in IR detectors are to ' = tested as well as advanced chopping
or encoding techniques. Second, by integrating the Advanced Technology
Radiometer with the Video Inertial Pdinting System a space test of that
system can be implemented while accomplishing a significant number of
Sciernce objectives., Third, improvements in both the basic thermal per-
formance and noise control of the low temperaturz (1 to 10°K) cooling
device used for the Calumn Density Monitnr will be incorporated. Ideally,

the Advanced Technology Radiometer payload would follow the Column Density

230
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Monituor by about one yesr. It would contribute significant technology to
the Shuttle Infrared Telescope fFacility which is SSPD Mission Model Pay-

load #AS~01-S. Payload #AS-01-S is tentatively scheduled for 61 sortie

flights between 1981 and 1991. The technology advancements demonstrated

¥
in the Advanced Technology Radiometer could be incorporated into the basic ?
#AS-01-5 payload about 1984 with 54 of the 61 flights remaining. Ideally, E
the Advanced Technology Hadiometer Payload would have a late 1981 launch }j
date. %
Technology Advancement Reguired ?
As mentioned previously the following technology advancements are required: E
a. Far Infrared Detector Elements %
b. Focal Plane Encoding Techaiques f‘
c. Video Inertial Pointing System %
d. Low Temperature (less than 1UDK), focal plane cooling devi;e and g
3
a moderate temperature (less than 30°K) cooling device for the - ;
optical elements. %
All the techhology advancements listed above are required for incorporation é
into the Advanced Technology Radiometer by 1980 except the low temperature ?
cooling device which should be ready by 1979 to match the tlight date for i
. :
the Column Density Monitor, %
Associated Mission Model \

The Advanced Technology Radiometer Payload would directly support '
Payload #AS-01-5 of the 1973 Mission Model which is the basic astronomy sortie

peckage.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT (TITLE): _Advanced Techrology ~ PAGE 1 OF ___

IR Radiometer

2, TECHNOLOGY CATEGORY: _Sensors, Pointing and Stabilization, Cryogenics

3. OBJECTIVE/ADVANCEMENT REQUIRED:_ Shuttle-borne test bed for flight
testing advanced IR technology as an astronomical telescope/sensor systems,

——

4. CURRENT STATE OF ART:
sensitivity have been developed for the AF, but lack of flexibility required

HAS BEEN CARRIED TO LEVEL __

IR radiometer of the approximate size and

for a test bed.

5. DESCRIPTION OF TECHNOLOGY A radiometer is needed to prcvide a
satisfactory test bed for advanced detectors, focal plane configurations,
chopping methods, pointing and stabilization techniques, cryogenic
cooling methods, and operational procedures. Such a radiometer should
meet the following specifications with advanced detectors:

1.) NEP_in any 10 micron band for a 1 arc min. FCV
10-17 w/HzZ for 5-30 microns
10716 w/hoF for 30-100 microns
10-18 w/Hz¥ for 5-30 microns with diffraction limited FOV

2.) Diffraction limit at 5 microns, aperture diameter about 30 cm,
space chopping, off-axis rejection to allow pointing to within 45°
of sun and 30° of moon.

3.) Cryogenic cooling to achieve NEP's (1-10°K at focal plane and (309K
at optics)

4.) 3-axis gimbals
P/L REQUIREMENTS BASED ON: [] PRE-A,(OJ A,[J 8,00 ¢/D

6. RATIONALFK AND ANAILYSIS:

a.) Requirements based on detailed analysis of technology needs for future
large IR telescopes. A current study at Ames is further defining
requirements and determining whether the proposed column density
monitor could bz upgraded to meet these requiruments,

b.) Benefiting IR payloads include the large, cooled Shuttle Infrared
Telescope Facility, large ambient IR telescope, and IR free-flyers.
Other payloads will benefit from cryogenic and pointing technology.
Time required to acquire scientific data is proportional to the square
cf the achieved NEP, therefore improved detectors and cooling greatly
increase amount of data from a given flight, Advanced pointing
techniques and optional procedures will increase time on-target and

astronomer interaction.
d.) Technology must be demonstrated on shuttle in an observing mode.

c.)

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT(TITLE): Advanced Technology PAGE 2 OF 3_

Radiometer

TECHNOLOGY OPTIONS:

-3

l1.) Various advanced detectors could be tested prior to final selection
2.) Vasrious encoding techniques could be modeled (Hadamard, for example)

3.) The planned SIPS (Small Instrument Pcinting System could be used
instead of the Video Inertial Pointing System)

8. TECHNICAL PROBLEMS:
1.) Noise control on cryogenic cooler
2.) Extreme temperatures

3.) Ccntamination of optical surfaces

Y. POTENTIAL ALTERNATIVES:

1,) Higher technological risk for following cryogenic telescopes
(Shuttle Infrared Telescope Facility)

2.) Lower performance of cryogenically cooled telescopes through
the use of state of the art detectors.

3.) Lecnger oktserving times by using state of the art technology.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

1.,) 1-109 cooling device
2.) Cclumn Density Monitox
3.) Longer observing times by using state of the art technology

233
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DEFINITION OF TECHNOLOGY REQUIREMENT

NO.

—

= =

—

1. TECHNOLOGY REQUIREMENT (TITLE): Advanced Technology

Radiometer

PAGE 3 OF 3

12. TECHNOLOGY REQUIREMENTS SCHEDUL

E:

CALENDAR YEAR

SCHEDULE ITEM 75176 177178]79(80

81

82183]84135]86

87

88

89

90

91

TECHNOLOGY
Contid

uoys

1. IR Detector Develop-
ment

2. 1-10°K Coolsr Dev.
Video Inertial

3. Pcinting System

4. Encoding Techniques

5.

APPLICATION
1. Design (Ph, C)

2. Devl/Fab (Ph. D)
3. Operations

4;

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE]

1
TOTAL

NUMBER OF LAUNCHES J

54

14. REFERENCES:

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA ORSERVED AND REDPORTED.
2. THEORY FORMULATED TO DESCR!BE PUENOMENA,
3. THEORY TESTED BY PHYSICAL EXPERIMENT
OR MATHEMATICAL MODEL.
4. PERTINENT FUNCTION OR CHARACTE ‘{iSTIC DEMONSTRATED,

E.G., MATERIAL, COMPOMNENT, E°.),

ENVIRONMENT IN THE LABORATURY,
MODEL TESTED IN AIRCRAFT ENVIRONMENT.

MODEL TESTED IN SPACE ENVIRONMENT.
NEW CAPABILITY DERIVED FROM A MUCH LESSER

OPERATIONAL MODEL.

RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
LIFETIME EXTENSION OF AN OI'LRATIONAL. MODEL.

. COMPONFNT OR BREADBOARD TESTED IN RELEVANT
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
[ e ———— e ey
1. TECHNOLOGY REQUIREMENT (TITLE): Detectors and PAGE 1 OF 3 _

Detector Arrays for the Far Infrared (Wavelength Lcnger than Thirty Microns)

2. TECHNOLOGY CATEGORY:

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Increased sensitivity and increased
data accumulation needed to fully realize the capabilities of a shuttle-borne

infrared telescope.

4. CURRENT STATE OF ART: Present long wavelength detectors exist with noise

equivalent power (Nep) of 10714 uatis Hz-%. Shortward of 30 microns, suitable
gei.;egzors Udeveloped for military applications! pKAS BEEN CARRIED TO LEVEL 5

5. DESCRIPTION OF TECHNOLOGY

The detectors required to utilize the inherent sensitivity of a Shuttle-

borne telescope must have an Nep of 10-16 watis Hz-% or better at wave-

lenths longward of 30 microns. In order to reach this sensitivity materials
and fabrication techniques for photoconductors and bolometers must be
developed. Lcw noise cooled preamps must be developed. Refrigeration to
0.19K in zero gravity must be developed for proper operation of the bolometers.
The techniques to fabricate detector arrays with integrated electrornics are
needed,

P/L REQUIREMENTS BASED ON: [] PRE-A,[0J A, B,0 c/p

6. RATIONALYF AND ANALYSIS:

a.) The 1016 yatts Hz-+ Nep level is based on the requirsments of infrared
astronomy and the background limitations expected at a shuttle
telescope facility.

b.) This technology will benefit all investigations involved in infrared
detection at long wavelengths. This includes survey satellites,
shuttle~-borne infrared telescopes and the LST when used for IR
astronomy.

c.) Other things equa', then the time required to accumulate meaningful
scientific data is directly proportional to the square of the detector
Nep. Therefore, improved detectors greatly increase the amount of
data obtained per flight. ‘

de) This technology advancement should be carried to level 7.

TO BE CARRIED TO LEVEL __

235

LR Y ORISRV

vty

F T Y L

DEENTE BN

et e

R R T

; PR
R ]

Yo



$%y

IO

DEFINITION OF TECHNOLOGY REQUIREMENT NO.

——
m————

1. TECHNOLOGY REQUIREMENT(TITLE): Detectors and Detector PAGE

)
e}
o

Joo

for the Far Infrared (Wavelength icncar than Thirty Microns),

7. TECHNOLOGY OPTIONS:

Alternatives to improved detectors are larger telescopes and lenger
otserving times, Both are limited by technical and economic considerations.

8. TECHNICAL PROBLEMS:

1.) Development of cuitable materials and "doping" techniques for long
wavelength photoconductors and low temperature bolometers.

Development of low noise, low temperature preamps.

Development of low temperature (0,1°) refrigerators for zero gravity.

Development of integrated electronics for reading cut arrays.

HwN
[ ]
—

9. POTENTIAL ALTERNATIVES:

Same as (7).

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

There exist ongoing development of detectors for short wavelengths for

military applications. Some development requiring further funding
exists at universities.

EXPECTED UNPERTURBED LEVELY/5

11. RELATED TECHNOLOGY REQUIREMENTS:

H93/He4 dilution refrigerators for 0.19K operation in zero gravity.

Lew noise, low temperature preamps.

Electronic components and circuits for storing data from arrays between readouts.
Narrow pass, high efficiency filters.

Spectrometers.
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l DEFINITION OF TECHNOLOGY

REQUIREMENT NO.

1.

TECHNOLOGY REQUIREMENT (TITLE). Detectors and Detector PAGE 3OF 3
Az h W

— =]

rhirty Microns)

12,

TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 751767778179

80181]82]83]84]35{86]87|88]89}90}91

1,
2.
3.
4,

5.

TECHNOLOGY

Analyses

Febrication

Ground Testing

Flight Testing

1,
2,
3.
4,

APPLICATION

Design (Ph. C) —
Devl/Fab (Ph. D) -

Operations

135.

USAGE SCHEDULE:

TECHNOLOGY NEED DATE

-0

TOTAL

NUMBER OF LAUNCHES

14.

15,

1.

2. THEORY FORMULATED TO DESCRIBE PUHENOMENA,
3, TAFORY TESTED BY PHYSICAL EXPERIMENT

4.

REFERENCES:

Astronomy and Astrophysics for the 1970's,

Sciences, 1973.

A long range program in Space Astronomy. NASA SP-213, July 1969,

Study to Compile Available Information
Telescope, Contract #NASA 2-7313, Mar

Large Space Telescope - a New Tool for
Meeting, Feb. 1974.

LEVEL OF STATE OF ART

BASIC PHENOMENA ORSERVED AND REPORTED,

OR MATHEMATICAL MODEL,

PERTINENT FUNCTION OR CRARACTERISTIC DFMONSTRATED,
E.G., MATERIAL, COMPONENT, ETC,

Vol 2 National Academy of

for a Space Shuttle Mounted Infrared
tin Marietta, 1973,

Science., AIAA Aerospace Sciences

8, COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

8, MODEL TESTFD IN AIRCRAFT ENVIRONMENT.

7. MODEL TESTED IN SPACE ENVIRONMENT.

8, NEW CAPARILITY DERIVED FROM A MUCH LESSER
OPERATIONAL MODEL.

9, RELIARILITY UPGRADING OF AN QPERATIONAL MODEL,

10, LIFETIME EXTENSION OF AN OI'LRATION.AL MODEL,
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SECTION G: CONCLUSIONS

The workshaop results should be considered as the beginning of a process
to relate advanced technology to potential Shuttle payloads. The earlier
this association is made, the more effective will be the investment in
advanced technologies.

Much work remains to be done with the product of the workshop. Studies
should be initiated to explore trade-offs available by alternate approaches,
The level of definition needs to be deeper. Mulfidisciplinary payload
integration should be actively pursued.

The major thrusts appear to be well chosen, highly relevant to the
issues to be faced. This relevance is noted in the following examples of
payload/major thrusts relationships:

Payload B-1 - Stratospheric Trace Gas Effects are directed towards an
advanced limb-scanning radiometer for measuring the difficult trace species
such as chlorine products which threaten stratospheric ozone. The measure-
ment requires detector sensitivity one to two orders of magnitude beyond
that currently available. The major thrust statement concerning increased
mission output through improved sensing performances is relevant to this

payload and associated advanced technology need.

concepts of image processing needed to handle the high data rate associated
with advanced muliispectral scanners, One concept would use fast on-board

microprocessors, closely integrated with the ssnsor output. Another concept
would perform direct image processing using Fourier transform imagery which

could perform pattern recognition, data compression and spatial frequency

St 0 e et b

7,.4 T"’M g,

st

analysis. The major thrust statement concerning the reduction of information

system cost by extensive integration of sensor and processing technology is

ml‘)‘(:mmn (VTNYTES
PAGE 18 POOR
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Payload C-1 - Coastal Zone & Land Rescurce Management discusses advanced {
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relevant to this payload and associated advanced technology need.
Pavloads D-1 through D=3 - Loncerning Advanced Microwave Radiometer

and Radar Systems, are meant to apply microwave systems to global survey

of ocean surface characteristics, crop survey, soil moisture and rainfall.

These payloads are highly relevant to the major thrust statement concerning

global surveys through multipurpose, all-weather, active/passive microwave

systems. The payloads are also relevant to the other two major thrust

statements discussed above.
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A. INTRODUCTION

This part (Report 1I) of the total report will cover those advanced

technology requirements that did not have a sensible development approach as

part of a payload in Report I, Even so, some of the requirements mentioned

below may receive significant development support from a payload in Report I
and this will be noted.

The technology reai:i.cments below come from "grassroots" material sub-
mitted from the Centers through the Working Group members, the users es rep-
resented in the OA and 0SS parts ot Reference 1, and conversations with mem=-
bers of the User Working Group and others during the course of the Workshop.
A title or a title with some paraphrase of user terminology is used to note

the technology needed. "Definition of Technology Requirement" forms, where

submitted, are noted by a reference to the Appendix containing them,

TharrEquirements are recognized to be incomplete and, as they ars stated
below, vary considerably in scope and specificity of technology required.
This is to be expected considering the broad scope of technology inherent in
the sensor area, the diverse viewpoints and backgrounds of the users, and the
lack of knowledgeable Workshop pecsonnel in some areas.

The organization of tihe material follows %he remote, particles and fields,
and in~-situ properties instrument outline proposed at the beginning of the
workshop and groups similar tecanology within those areas. Ccmponents that
might be used with several instruments are identified with the instrument
system where their primary need appear..

B. REMOTE SENSING SYSTEMS

By definition, this group of instruments will be those measuring prop-
erties of slectromagnetic radiation with the general user interest in undaz=-

standing the properties of the source or medium along the radiation path.
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1. Microwave and Radar
The basic needs for this technology are for Earth and planetary
observations and this is well represented in the payloads in Report I. The
submillimzter development for actronomy is a part of such a development pay-
load.
Needs that may not be covured are:
a. Lunar Orbiter Radar Altimeter
The performance needed is not available for this report and may
very well overlap Earth and planetary Orbiter observation requirements.
2. Lasers
The basic needs for earth applications are represented in the pay-
loads of Report I.
Not included are:
a. An Improved Ground-Based Lunar Laser
(See page 25 of the 0SS part of Reference 1 for current per-
formance).
3. Imaging Systems
Multispectral imaging developments for earth, planetary, and lunar
orbital observations are included in payload deve “pments in Report I. Some
of the array detectors for Astronomy will be helped as well.
Other needs are as follows:
a. Advanced Large Space Telescope
Photometry of 29th magnitude object and imagery of 25th mag-
nitude is required. Large Space Telescope (LST) will perform at 27th and
23rd magnitude respectively with 2.4 m telescope. An approach is & 5«6 m
diffraction limited telescops.
b. Large Array X-Ray/UV Detactor

Arrays with 20,000 X 20,000 elements of about 10 m size are
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needed as focal plane detectors in the spectral range from 9 to 2000 A.
Each element should have single photon sensitivity ‘ith countiing dynamic
range of 107,
c. Panoramic Imaging System fer Ve..us
High pressure (100 Atm) and temperature .300°K) envirorment
with limited lifetime.
4. Radiometers and IR Instruments
This technology i. well represented in the payloads of Report I.
Additional needs are:
a. Solar Flux Detector
The device should be stable for a year and accurate to 0.1%
and cover the spectrum for direct solar observations.
b. High resolution IR Spectrocopy for Astronomy
c. Pressure Modulated Gas Cell Detector
Dperation at pressures up to several atmospheres for use with
correlation radiometer to measure tropospheric pollution.
d. Josephson Junction Detectoxrs
8. Sensitive Pyroelectric Detectors for far IR
5. X and Gamma Ray Instruments
This technology is not directly represented in the psyloads in
Report I, Howsver, Physics and Astronomy development payloads for Shuttle
are described in Reference 2 aﬁd S'and are briefiy discussed at the conclu-

NN

sicn of this report.

- ONS

a. High Resoclution (1.0") X-Ray Iﬁéging‘ﬁeviceu»

b. Large (2.2 M) Grezing Incidence X-Ray 6ptics

ce High Areal Resclution Gamma and X-Ray Spectrocopy
This is nesded far lﬁnar campnsition mapping to about 10 km and

is a technique applicable to other airless bo'les.
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C. FIELDS AND PARTICLES

With minor exceptions, this area does not have direct representation in
the payloads of Report [ and only a few items were presented to the Worsshop.
1. Electric fFields
a. Spacecraft Charge and Potential
The requirement is to keep the spacecraft neutral and at equipo-
tential,
b. Potential Measurement
New concepts are needed to make synoptic measurements of poten-
tial from one to 10 millivolts per meter.
2. Magnetic Fields
(No Entries)
3. Charged Particles
a. Plasma Measurement Beyond 8 A. U.
(See Appendix, Item 8)
b. Silicon Surface Barrier Detector
(See Appendix, Item 10)

D. IN-SITU PROPERTIES

This group includes the direct geophysical, geochemical, and atmospheric
measurements and are not represented in nor appropriate to the development
payloads in Report I.

1. Geochemical

The first three classes of instrumentation below have been under
development at one time or another since the beginning of the lunar program
and are of interest for future lunar missions, on other airless bodies and
on the terrestrial planets.

a. Age Determination

£ RODUCIBILITY OF THE
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This is an exiremely difficult problem and may not be possible
in the foreseeable future. The alternative is sample return.
b. Petrographic Analysis
This is difficult but may be feasible. The alternative is
sample return.
c. Elemental Analysis
Some approaches have been demonstrated and others need development.
d. Comet Gas and Dust Collection and Analysis
This is an essential development for a comet mission,
2. Geophysical
a. Geophysical Instrumentation
b. Seismic Wave Generators
Needed for safe remote planetary operation.
3. Atmospheric
a. Jupiter Probe Atmospheric Instruments
Pressure, temperature, and composition measurements at 1000 bars.

15009K, and hours long duration.

b. Aerosol Measurements of Small Diameter Particles
(See Appendix, Item 2)

c. X-~Ray Fluorescerce Analysis of Aerosols
(See Appendix, Item 3)

de Stratospheric Trace Radical Detector
(See Appendix, Item 9)

E. SUPPORTING RESEARCH AND TECHNOLOGY

The items collected here appeared to need research or the special atten-
tion of other Working Groups.
0-29)

1. Accurate Mass position detectors (1

2. Accurate orbital dock (10-17)
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3. Time lapsa measurement (1071 25ec.)

4, Large (> 10 em?) thin (micron) films
5. Long-life (2-3 year) cryogenic systems

6. Superconducting Instrumentation and Sensor Research

(See Appendix, Item 7)
7. Sub-Ocean Current and Topography Sounding from Space

New approaches and techniques are needed.

8. Direct Gravity Field Measurements

New approaches and techniques are needed for measuring Earth's field

in space.
9. Penetrometer Delivery System and Alternatives

Needed for lunar, outer planets satellite and terrestrial planet

investigations.
10. Advanced Sampling Systgps
To be used with petrographic and geochemical analysis in general,
support of in-situ measurement missions.
11. Near-Ground Pollution Detection Techniques

Laser and lidar are current approaches to the problem.

may be needed.

12, High accuracy Accelerometers

These are needed to assess drag forces on gravity study satellites.

13, Accurate Location of Continents (Centimeters)

Refinement of the current long baseline interferometer approach
should accomplish this abjective.
14. Radiative Refrigerator for IR Detectors
(See Appendix, Item 5)
15, Molecular Beam Mass Spectrometer

(See Appendix, Item 1)

New techniques
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16. Development of Optical and Acoustical Homodyning Techniques
(See Appendix, Item 6)
17. Visual Range Technique foi Airfields
(See Appendix, Item 4)
18. Lcw Cost ($500) Device for Position Determination
This device is to be used in conjunction with a satellite as a system
to detect changes in position between different points on earth.,

F. CONCLUSIONS

All the significant earth application technology needs appear to be
covered in Shuttle development payloads in Report I.

Most of the basic technology development needs for planetary remote
sensing are included in the payload developments in Report I. Many of these
sensors are driven primarily by earth application needs. The low weight and
power, long lifetime, functional performance, and other peculiar needs of the
planetary program can often be helped at little extra cost with knowledgeable
attention early in the development cycle.

Much of the Physics and Astronomy technology is not directly reflected in
the development payloads in Report I. There are extensive flight instrument
developments planned for Shuttle sortie missions and it is expected that these
payloads will serve many of the same functions for Physics and Astronomy as the
payloads in Report I serve for the Applications area. As a result, the items
shown in this part of the report are largely basic research and developmental
items.

Because of the nature of the in-situ measurements, their technology is not
represented in the development payloads of Report I. Without new ideas and
further development of some old approaches, geochemistry of remote bodies will

only be possible through sample return.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
wm
1. TECHNOLOGY REQUIREMENT (TITLE): Moleculax Beam-Mass PAGE 1 OF 6

Spectrometer

2. TECHNOLOGY CATEGORY: Sensing and Data Acquisition

3. OBJECTIVE/ADVANCEMENT REQUIRED:To design, develop, and fabricate a

mgss spectrometer applying molecular beam technigues to minimize inaccuracies

- in ion eff for density measurements in (cont)

4. CURRENT STATE OF ART: Ihearetical and experimental studies (refs, land 3)

have demonstrated the feasibility of the molecular beam-mass spectrometer
I Most o ti chanical (cont) HAS BEEN CARRIED TO LEVELA_

5. DESCRIVTION OF TECHNOLOGY
Technical Approach - In makihg mass spectrometric density mec_orements, it is
obviously desirable to obtain an unaltered sample of the gas and to maintain
the integrity of this sample during the measurement. In those cases where the
instrument is embedded in a high velocity gas, such as in a molecular beam or
on a rocket probe or satellite, an unaltered sample can be obtained and mea-
sured by continuously passing the gas through a highly transparent ionization
volume where a fraction is ionized, focused into a mass analyzer, and counted.
Geometrical criteria obtained from the kinetic theory of a drifting Maxwellian
gas have been applied to the instrument design to insure that the unused frac-
tion of the beam is returned to the stream with a negligible probability of
molecules backscattering into the ion source. This technique thus determines
constituent density from an undisturbed {(unaltered) gas sample since molecules
which have collided with any instrument surface do not appear in the ioniza-
tion volume.
The requirements of minimizing scattering in the ion source are satisfied by a

small-angle (cont)P/L REQUIREMENTS BASED ON: [] PRE-A,[J A,(J B,[J ¢/D

6. RATIONALF AND ANAL YSIS:
Justification - Mass spectrometric measurements in high velocity streams,

molecular beams, gas-surface interaction experiments, and gas-gas interaction
experiments frequently encounter substantial ambiguities in data interpreta-
tion. The measured data frequently yield gross inaccuracies in molecular den-
sity and molecular composition, and even yield spurious molecular species.

The common source of these errors is interaction between the instrument and
the gas being measured. Chemically active species interact with the instru-
ment surfaces where some of the species in the measured gas are lost and from
which spurious species are injected into the measured gas. The methods which
have been used in the past in an attempt to solve these probléms have either
yielded very limited improvements or have been limited to a very narrow range
of applications.

Accurate measurements of the atmospheric constituents in the thermosphere of
the planets are extremely difficult, due to the presence of significant quan-
tities of reactive gases such as atomic oxygen. It has been shown that most
published terrestrial mass spectrometric densities for this gas are in error
by as much as 400 percent. These errors result from composition and density
changes associated with gas-surface interactions and are inherent in conven-
tionally designed mass spectrometers. With existing instruments, these errors
can only be minimized by using cryogenic cooling techniques which are not

applicable to long lifetime experiments. (cont) om0 BE CARRIED TO LEVEL 7
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT(TITLE): Moleculgr Begm-Mass PAGE 2 OF &
—-opecirometer
7. TECHNOLOGY OPTIONS:
Mass spectrometric measurements give both the type and quantity of the gas
present. No other instrument technique has this capability for low density
gas measurements.
8. TECHNICAL PROBLEMS:
There are no problems with the principles involved in this instrumentation
system. Detailed solutions have been worked out for the practical problems
encountered in the development of this sensor.
Y., POTENTIAL ALTERNATIVES:

None

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

750-01-51-01 Molecular Beam Laboratory
179-30-23-01 Molecular Shield Vacuum Facility
185-47-92-01 Thermospheric Measurements

If NASA continues the resources for this sensor at its present level, compo-

rents and breadboards could be tested in the laboratOf%‘bﬁ the time Shuttle
flies, EXPECTED P RTURBEDIEVELiL

11.

RELATED TECHNOLOGY REQUIREMENTS:

All the technology requirements have been included in the development program
for this instrument.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, %
1. TECHNOLOGY REQUIREMENT (TITLE)Molecular Beam-Mags ~ PAGE 3OF _§6_
Spectrometer
12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR
SCHEDULE ITEM 75176 177]78]79]/80|81|82]|83|84|35|86|87|88]89]90}91

TECHNOLOGY

1 . MechanicAal

+ Design: |
Electronic

2. Fabrication )

3. Calibration/FAT

:

5.
APPLICATION

1. Design (Ph, C)

2. Devi/Fab (Ph. D)

3. Operations SHutyle |Opdrafiordal

4,

13. USAGE SCHEDULE:

T

TECHNOLOGY NEED DATE X TOTAL

NUMBER OF LAUNCHES

14.

1.

2.

3.

4,

15,

REFERENCES:

Melfi, L. T. , Jr.: The Design, 1- elopment, and Analysis of a Mass Spectro-
meter System for Number Density Measurements in the Terrestrial Thermosphere.
A Dissertation submitted to the Dept. of Meteorology, Florida State Univ., in
partial fulfillment of the requirements for the degree of Doctor of Philosophy,
August, 1971,
Clay, F. P., JR,; Brock, F. J.; and Melfi, L. T., JR,t The Emission Efficien-
cy of a Hot Filament in the Presence of 0; at Various Pressures and Technigues
for Maintaining Constant Emission. Presented at Virginia Academy of Sciences
Meeting, May 1-4, 1973. Abstract published in Virginia Jour, of Science, Vol.
24, No. 3, Fall 1973.

Melfi, L. 7., JR.; and Brock, F. J.t: Molecular Beam Techniques Applied to Masg
Spectrometer Thermospheric Density Measurements. Rev, Sci, Instrum,, Vol. 44,
No. 10, October, 1973.

Melfi, Le.Te., JR.; Brock F. J.; and Brown, C. A., JR.¢ A New Approach to
Thermospheric Mass Spectrometric Density Measurements. NASA TN D-7711, 1974.

LEVEL OF STATE OF ART 5. COMPONENT OR BREADBOARD TESTED IN RELEVKNE
ENVIRONMENT IN THE LARORATOKY,

1. BASIC PHENOMENA OBSERVED AND RETORTED. 8, MODEL TESTED IN AIRCRAFT ENVIRONMENT.

2. THEORY FORMULATED TO DESCRIBF, PHENOMENA, 7. MODEL TESTED iN SPACE ENVIRONMENT,

3. THEORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPAMILITY DERIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL,, OPERATIONAL MODEL,

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
E.G., MATERIAL, COMPONENT, ETC. 10. LIFETIME EXTENSION OF AN OFLRATIONAL MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,
m——

1. TECHNOLOGY REQUIREMENT (TITLE): Molecular Beam-Mass _ PAGE 4 OF b
Specirometer

3. OBJECTIVE/ADVANCEMENT REQUIRED (concluded): Molecular beam laboratories and in
planetary atmospheres.

4. CURRENT STATE OF ART (concluded): COMPONENTS of the mass spectrometer have
been designed and are being fabricated (ref. 7). A laboratory model of the ion
source has been evaluated (refs. 6 and 7). Several electronic circuits have
been breadboarded and evaluated including a very low power emission control cir-
cuit (refs. 2 and 5). A flight evaluation experiment on a Scout or Delta (pig-
gyback) in the terrestrial thermosphere has been shown to be feasible (ref. 4).

5. DESCRIPTION OF TECHNOLOGY

Future Plans - The mass spectrometer development activity may be conveniently

Mechanical: The components of the mass spectrometer consists of an ion source,

Technical Approach (concluded): truncated cone constructed of high transparency
mesh (20.95), the enclosed volume of which is the ionization volume. (See fig.
1, ref. 3). At low density, multiple scattering may be neglect -. Thus, gas
scattered from the external surface never enters the ionizatic® ,»lume for any
gas-surface scattering law, provided that the external surface ¥ the support
structure is a smooth continuation of the ion source grid structure. The ions
extracted from the ionization volume are focused by an electrostatic lens onto
the quadrupole entrance aperture. In the process of ion-beam formation and ex-
traction, the ions are accelerated to a velocity which is large compared with
the thermal velocity of the neutral gas. This minimizes the dependence of the
distribution of ion-beam current density on gas temperature and small variationg
in angle of attack. The lens is located inside the support cone &'d its angu-
lar aperture is sufficiently large to allow only a small fraction of the neutral
beam to collide with its surface. The quadrupole entrance aperture is located
sufficiently far downstream to provide adequate exhaust area. The cathode is a
wire ring with a small cross section surrounding the ion-source grid and is lo-
cated s. .ghtly aft ef the grid base to minimize the probability that gas scat-
tered from the cathode may enter the ionization volume.

divided into two categor'es: 1l. Mechanical and 2. Electronic.

quadrupole mass analyzer, and electron multiplier. The design of these compo-
nents has been completed and laboratory prototypes of most have been fabricated.
Experimental results from laboratory evaluation have been incorporated into the
design. Fabrication techniques have been developed during construction of the
laboratory prototype comporents.

A flight prototype ion source and lens will be fabricated using proven materialﬁ
and fabrication methods, The performance of the ion source will be experiment-
ally evaluated to establish the energy distribution and angular distribution of
the extracted, focused ion-beam and to determine the source sensitivity for op=-
timum electrical parameters.

A flight prototype hyperbolic quadrupole will be assemblzd. Tne rod surfaces
and ceramic holder have been machined to a tolerance of 0.00Ul inches and sim-
ilar precision is required in assembly and alignment. An optical method has
been developed to verify that the required precision has been achieved in the
final assembly. After assembly, the quadrupole will be evaluated using che sx=
tracted ion-beam from the source-lens system. Recclution and sensitivity will
be measured as a function of atomic mass units to determine the operational

characteristics of the combined system.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1.fﬁECfﬂﬂDL(NSY’RIKQUIREEJEDVT(TTTLED:Jﬁggggigg_ﬂgam=ﬂa§§____ PAGE 5 OF &6___
Spectrometer

6.

A laboratory prototype electron multiplier will be fabricated and its perform-
ance experimentally evaluateds The electron multiplier design is based on ex-
perimental results obtained from studies of simulated electron irajectories in
a number of dynode models. The multiplier has axial symmztry with off-axis dy-
nodes and an on-axis photon trap. Results from the performance evaluation of
the laboratory prototype will be inconrpcrated into the design and a flight
prototype multiplier fabricated.

Electronics The electronic components of the mass spectrometer consist of ion
saurce control circuits, quadrupole ac and dc voltage generators, dc to ac vol-
tage ratio control circuit, mass selector circuit, electron multiplier voltage
circuit, pulse height discriminator circuit, pulse counting circuit, and encod-
er circuits. Each component requires circuit design, circuit development by
breadboarding and laboratory testing, flight packaging, and flight acceptance
testing,

Efficient control circuits for the ion source have been developed and their
performance has been evaluated. These circuits will be flight packag-.d and
acceptance tested.

The quadrupole dc generator has been developed and its performance svaluated.
This circuit will be flight packaged and acceptance tested.

Several quadrupole ac generator circuits are under parailel development. This
work will continue until the required waveform purity and the required frequency
and amplitude stability have been achieved., The circuits will be flight pack-
aged and acceptance tested.

The mass selection circuit has been developed and its performance evaluated. It
will be flight packaged and acceptance tested.

The remainder of the circuits are under development using commercially available
sub-circuits wherever possible.

After evaluation and fabrication of the mechanical components have been comple-
ted, the mass spectrometer will be assembled, combined with the breadboarded
electronic circuits, and evaluated as a system. Following this svaluation,
flight acceptance tests and celibrations will be performed to give a mass spec-
trometer ready for flight.

RATIONALE AND ANALYSIS

Justification (concluded) - The mass spectrometer system described here has

been designed to substantially eliminate those problems associated with gas-
surface intsractions in the instrument. The theoretical foundation fer the
instrument is firmly based on sound physical principles since the concept was
developed from an application of the kinetic theory of a drifting Maxwellian gas
to the measurement problem, The instrument is capable of measuring the absolute
density of the molecular composition in high velocity streams, molecular beams,
gas-surface interaction experiments, and gas—-gas interaction experiments., The
instrument reduces 10 a negligible level the probability that gas-sucface inter-
actions in the instrument will contrihute to lost species, ambiguities, or
spurious species in the measured data.

Pavloads - A number of low density gas physics payloads are planned for the
Spacc Shuttle. These include a Molecular Beam Laborstory for physics and chem-
istry. experiments and a Molecular Shield Vacuum Facility for materials pro-
cessinge. Further, the Shuttle offers a natursl scientific platform from which

the terrestrial upper atmosphere can be studied in real time. The sensor
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE): _Molecular Beam-Mass PAGE 6 OF _5_
——sRecironeter

14.

Se

6.

Ta

described in this document will play an essential role in the implementation of
these payloads. The instrument, ss designed, will make minimum denands on the
payload for services, is reliable, and has an indefinite lifetime. The mass
spectrcmeter should be flight evaluated before the Shuttle is operational.

REFERENCES (concluded):

llay, Fe P.y, Jr.; Brock, F. J.; and Melfi, L. T., Jr.:¢ A Switching
Regulator Emission Control Circuit for Ion Sources. Rev, Sci, Instrum,,
Vol, 46, No. 5, May 1975, pp. 528-532,

Clay, F. P.y Jr.; Melfi, L. T., Jr.; and Brock, F, J.: Evaluation of a
Thoria Coatzd Iridium Cathode for an lon Source. Presented at Virginia
Academy of Sciences 1975 Annual Meeting, Harrisonburg, Va., May 6-9, 1975,
Abstract published in Virginia Jour, of Sciences.

Melfi, L. T., Jr.; Dutlaw, R. A.; Hueser, J. £.; and Brock, F. J.: Gold
Plating-Brazing of Ion Source Components, Presented at Virginia Academy of
Sciences 1975 Annual Meeting, Harrisonburg, Va., May 6-9, 1975, Abstract
published in Virginia Jour, of Sciences.
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w
TECHNOLOGY REQUIREMENT (TITLE): Aerosol Measuxements of PAGE 1 OF 3_
___Small Diameter Particles

2. TECHNOLOGY CATEGORY: Sensing and Data Acquisition
OBJECTIVE/ADVANCEMENT REQUIRED: To measure aerosols of diameter

DEFINITION OF TECHNOLOGY REQUIREMENT NO.

00041‘1 m to 0.25 Hm,

CURRENT STATE OF ART; lresent measurement capahility is for very small

particles < 0.04 ym and for particles>0.25 Um,.

HAS BEFN CARRIED TO LEVEL __

[}

DESCRIPTION OF TECHNOLOGY

Light scattering techniques can measure in-situ particles greater than
0.25 Um by scattering light from individual particles as they are drawn
through a scattering chamber. A photodetectur measures the intensity and

relates it to a nominal size.

Aiken nuclei counters measure particles <0.04 pm utilizing the Wilsen cloud
chamber technique of the rapid growth of particles in a super saturation.
The transmission through the cloud is related t~ concentration.

P/L REQUIREMENTS BASED ON: [J PRE-A,[0J A,0J B,OJ ¢/D

6.

RATIONALFE AND ANALYSIS:

A ‘echnique to measure this size range would provide valuable data on particle]
that are optically active affecting radiation transfer and are in a critical
size range for studying growth mechanisms.

TO BE CARRIED TO LEVEL —
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

e —— P———————
E — e —— —

1. TECHNOLOGY REQUIREMENT(TITLE): Aerosol Measurements... PAGE 2 OF Q1

7. TECHNOLOGY OPTIONS:

The "Whitby" diffusion technique has some promise for measuring this size
ranges.

8. TECHNICAL PROBLEMS:

Light scattering at these sizes is very weak.

Y., POTENTILAL ALTERNATIVES:

None

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

None

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

None
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT (TITLE): Aerosol Measurements... PAGE 30OF 3_

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75 76'77 78179180|81]82|83]84]35186]87188{89/90]91
TECHNOLOGY
1. Design —1

2. Breadboard

3. Testing

4, Fabrication

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)
3. Operations
4,

13. USAGE SCHTDULE:

T
TECHNO: )GY NEED DATE TOTAL

NUMBER OF LAUNCHES

11. REFERENCES:

"Aerosols and Atmospheric Chemistry"; edited by G. M. Hidy, Academic Press

(1972).
NI N
SEPRODUCIBILITY OF uér.
QRIGINAL PAGR IS POO
15. LEVEL OF STATE OF ART 8. COMPONENT OR AREADBOARD TESTED IN RELEV/.NT
ENVIKONMENT IN THE LARORATORY,
1. HASIC PHENOMENA ORSERVED AND REPORTED, 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT.
2. THEORY FORMULATED TO DESCR!BE PHENOMENA. 7. MODEL TESTED IN SPACE ENVIRONMENT,
3. THEORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPANILITY DERIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL,, OPERATIONAL MNDEL.
4. PERTINENT ¢UNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIARILITY UPGRADING OF AN OPERATIONAL MODEL,
E.G., MATERIAL, COMPONENT, ETC, 10. LIFETIME EXTENSION OF AN OFLRATIONAL MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE); Elemental Analysis PAGE 1 OF 3_

2. TECHNOLOGY CATEGORY: _Sensing and Data Acquisition

3. OBJECTIVE/ADVANCEMENT REQUIRED:_ Laboratory or field capability for
the elemental analysis of single aerosols.,

4. CURRENT STATE OF ART: Currently elemental analysis such as X-Ray

fluorescence techniques are limited to atomic numbers greater than sodium.

HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

This technique allows the elements of a collected sample to be identified
from the energy spectrum of X-Rzys emitted when the sample is exposed to a
beam of X-Rays. The energies of the X-Ray fluorescence are characteristics
of the particular elements involved.

Elements with atomic numbers less than 12 are not detected by this method
because of the energies of the emitted X-Rays are too low to penetrate
the windows of commonly available detectors.

P/L REQUIREMENTS BASED ON: [] PRE-A,[J A,[J B, ¢/D

6. RATIONALFE AND ANALYSIS:

This technique could be used to evaluate rocket effluent or pollution

samples for their elemental composition and aid in benchmaking and determination

of the effects of Shuttle effluents on the environment.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT(TITLE): Elemental Analysis PAGE 2 OF 3_

7. TECHNOLOGY OPTIONS:

Use of proton scattering for this analysis where it possibly has the
capability for lower atomic numbers.

8. TECHNICAL PROBLEMS:

Measuring low energy X-Rays.

9. POTENTIAL ALTERNATIVES:

None

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP #506-21-68 is supporting the measurement and impact of Shuttle
effluents.

EXPECTED UNPERTURBED LEVEL ___

11. RELATED TECHNOLOGY REQUIREMENTS:

Nane
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, _

1. TECHNOLOGY REQUIREMENT (TITLE): Elemental Analysis PAGE 3OF _3_

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75]76 }177§78]79]80)81]82|83}84]35]|86]87}88|89{90}91

TECHNOLOGY
1. Design

2. Breadboard

3. Test

4. Fabrication

5.

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)
3. Operations
4,

13. USAGE SCHEDULE:

T
TECHNOLOGY NEED DATE TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

"Effluent Sampling of Scout "D" and Delta Ve. e Exhausts"; by W. C.
Hulten, et. al., NASA TMX-2987, July 1974.

15. LEVEL OF STATE OF ART . COMPONENT OR BREADBOARD TESTED IN RELEVANT

ENVIRONMENT IN THE LARORATORY,
1. BASIC PHENOMENA ORSERVED AND REPORTED. 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT.
2. THEORY FORMULATED TO DESCR!BE PHENOMENA, 7. MODEL TESTED IN SPACE ENVIRONMENT,
3. THEORY TLSIED BY PHYSICAL LXPERIMENT 8. NEW CAPABILITY DXRIVED FRUM A MUCH LESSER
OKR MATIEMATICAL MODEL, OPERATIONAL MODEL.,
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTIATED, 9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
E.G., MATENIAL, CONPONENT, ETC, 10. LIFETIME EXTENSION OF AN OFLRATIONAY, MODEL,
261
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DEFINITION OF TECHNOLOGY REQUIREMENT
RVR & SVR PAGE 1 OF 3_

1. TECHNOLOGY REQUIREMENT (TITLE):

2. TECHNOLOGY CATEGORY: —Sensing and Data Acquisition
3. OBJECTIVE/ADVANCEMENT REQUIRED: To develop a gsingle ended technique

Q.
—for measuring runway visual range (RVR) and slat visual range (QVR:,
4. CURRENT STATE OF ART: No satisfactory technique exists,

HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

From the ground a measurement (single-ended) of RVR and SVR is needed.
Transmissometers and series of lights are not adequate, not representing
conditions throughout the airfield area. Ceilometers give an indication
of cloud ceiling, but nothing is available for glide path measurement

of SVR,

P/L REGUIREMENTS BASED ON: [J PRE-A,[J A,[0 B,0 ¢/D

6. RATIONALFE AND ANALYSIS:

Need for every airfield in the world.

ey

TO BE CARRIED 1O LEVEL _
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT(TITLE): RVR & SVR PAGE 2 OF 3
7. TECHNOLOGY OPTIONS:

one

8.

TECHNICAL PROBLEMS:

1. Multiple scattering.

2. Large optical depths.

3. Eye safety.

4, Representative measurement (e.g. due to patchiness).

9.

POTENTIAL ALTERNATIVES:

Possibly lasers working in eye-safe regions of spectrum (1.54 um) or low
energies.,

10.

PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP #502-23-56-03 supported feasibility analysis.

RTOP #505-08-22 is supporting continuation of work.

EXPLCTED UNPERTURBED LEVEL

11.

RELATED TECHNOLOGY REQUIREMENTS:

Detectors at 1.54 ym with sufficient response and gain.

263
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DEFINITION OF TECHNOLOGY RFQUIREMENT NO.

e —

L -

1. TECHNOLOGY REQUIREMENT (TITLE): RVR & SVR

PAGE 3 OF _3

12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 77]178[79{80]81

82183]84]35|86]87188{89{90]9

-

TECHNOLOGY

1. Feas. Analysis

+ Design & Breadboard

. Field Measurement

3
4. Fabrication
5

APPLICATION
1. Design (Ph. ()

2. Devl/Fab (Ph. D)
3. Operations
4.

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATL.

T
TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

536-545, June 1972.

15. LEVEL OF STATE OF ART

» BASIC PHENOMENA ORSERVLD AND REPORTED,
THEORY FORMULATED TO DESCRIBE PHFNOMENA,
3. THEOIRY TESTED BY PHYSICAL EXPERIMENT
OR MATHEMATICAL MODEL.
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,

N -

E.G., MATERL\L, COMPONENT, ETC,

1. "MIE Scattering by Three Polydispersions," by F. 5. Harris, Jr. and
M. P. McCormick; Journal of Colloid and Interface Science, 39, pp.

2. "Lidar Techniques for Pollution Studies," by M. P. McCormick and
W. H. Fuller, AIAA Journal 11, pp. 244-246, Feb. 1973.

COMPONFNT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LABORATORY.

MODEL TESTED IN AIRCRAFT ENVIRONMENT.

MODEL TESTLD IN SPACE ENVIRONMENT.

NEW CAPANILITY DLRIVED FROM A MUCH LESSER
OPERATIONAL MODEL,

RELIABILITY UPGRADING OF AN OPERATIVNAL MODEL,

LIFETIME EXTENSION OF AN OI'LRATION.AL MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,
_eee————————————eee e e .
1. TECHNOLOGY REQUIREMENT (TITLE): _Radigtive Refrigeration PAGE 1 OF 3__

Design
2. TECHNOLOGY CATEGORY: Infrared Detector Refrigeration
3. OBJECTIVE/ADVANCEMENT REQUIRED: _Increased sensitivity of infrared
; 3 bital licati ¢ ; . : .

4. CURRENT STATE OF ART: _Several designs for passive systems have been used,

but evalugtions and design tasks have not been attempted for lack of opportun-
HAS BEEN CARRIED TO LEVEL A

itye
5. DESCRIPTION OF TECHNOLOGY

The sensitivity of infrared detectors is dependent on the attainment

and maintenance of very low temperatures - near liquid nitrogen. The
practical approach to this requirement for long term missions is to
utilize passive radiative refrigeration systems. The operation of these
hinges on the temperature differerce between outer space and the object
requiring cooling. Several designs have been used in an attempt to
accomplish the required results. These efforts have met with moderate
success. A new system based on a comprehensive evaluation of current
approaches concurrent with a design effort would provide increased
infrared detection sensitivity.

P/L REQUIREMENTS BASED ON: [J PRE-A,[ A, B, ¢/D

Vo 4 Mmnr—— o ‘,J’r:a‘"»—zr LIV T

6. RATIONALFE AND ANALYSIS:

a. Currently used infrared detectors require iemperatures in the range of
80 degrees Kelvin,

b. Development of this system would benefit satellite designs of the ERTS-c
type. In some applications, the Themmatic Mapper would benefit.

c. Present designs provide temperatures in the 1959K range with theoretical
predictions down to about 100°K. Improvements would result in greater
ground target thermal resolution, probably by an order of magnitude,

d, This technolagy advancement should be carried to an experimental
demonstration in an early Shuttle flight.

TO BE CARRIED TC LEVEL 7_
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

—— nm—

S e— —

1. TECHNOLOGY REQUIREMENT(TITLE): Radiative Refrigeration PAGE 2 OF 3.
Jlesign

7. TECHNOLOGY OPTIONS:

The effectiveness of passive refrigeration devices relate to the ability
of the system to radiate into outer space. This is a materials, as well as
a geometry problem. It is proposed that a pallet of several designs be
simultanecusly evaluated in a modular/adjustment configuration permitting
real-time interactive modifications.

8. TECHNICAL PROBLEMS:

1. Thermal path between infrared detector and refrigeration system.
2. Ability of system to radiate into outer space (Radiator Design).
3. Pointing of system into cuter space.

Y. POTENTIAL ALTERNATIVES:

Possibly using adsorptive pumping techniques using solar energy for power
input in a conventional refrigeration cycle,

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Current research by JSC for development of adsorption pumping techniques
for use in cryogenic refrigeration purposes.

EXPECTED UNPERTURBED LEVEL 3

11. RELATED TECHNOLOGY REQUIREMENTS:

Infrared detector techmology, low temperature technology, remote sensing
technology.

REPRODUCIBILITY OF THE
266 ORIGINAL PAGN I8 POOR
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DEFINITION OF TECHNOLOGY REQUIREMENT

NO.

=

—

1. TECHNOLOGY REQUIREMENT (TITLE): Radiative Refriger: .on PAGE 3 OF _3_

Design

12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176177|78]79]180|81|82]83]|84}35{86]87[88]89]90}91
TECHNOLOGY
1. Analyses |
2, Mechanical & Thermal
Design
3. Fabrication i
4, Test 1.
5., Documentation
APPLICATION
1. Design (Ph, C)
2. Devl/Fab (Ph. D) A
3. Operations
4
13. USAGE SCHEDULE:
Y
TECHNOLOGY NEED DATE| - 4 TOTAL
NUMBER OF LAUNCHES 7 slalata 8

14. REFERENCES:

15. LEVEL OF STATE OF ART 8.
1. BASIC PHENOMENA ORSERVED AND REPORTED, .
2, THEORY FORMULATED TO DESCRIBE PHENOMENA, 1

3. THEORY TESTED BY PHYSICAL EXPERIMENT 8.
OR MATHEMATICAL MODEL,
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9.

E.G., MATERIAL, COMPONENT, ETC, 10

"Infrared System Engineering" by Richard D. Hudson, Jr.

1969,

COMVPONFNT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,
MODEL TESTED IN AIRCRAFT ENVIRONMENT.

. MODEL TESTED IN SPACE ENVIRONMENT,

NEW CAPANILITY DLRIVED FROM A MUCH LESSER
OPERATIONAL MODEL,
RELIARILITY UPGRADING OF AN OPERATIONAL MODEL,

. LIFETIME EXTENSION OF AN OPLRATION.AL MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE): _Coherent Detection
Optical and Acoustical Homodvriing Technigues
2. TECHNOLOGY CATEGORY: __Level 2 & 3 Coherent Detection

PAGE 1 OF _3_

3

3. OBJECTIVE/ADVANCEMENT REQUIRED: lop reliable laser & acoustical co-

herent detection s¥stems for remote probing, (Acoustical for the remote non-des-
tructive probing of astronauts' cardiovascilar systems i

uring particle velocities in Shuttle environment & eventualgy on surfaces of

other solar bodies,
1.

CURRENT STATE OF ART: Off _the Shelf coherent laser systems for measuring
particle velocities are presently available but have severe limitations, No suit-

able off the shelf coherent acoustical systems yAS BEEN CARRIED TO LEVEL 1
axe =

5. DESCRIPTION OF TECHNOLOGY

Coherent detection of tracer velocities to describe fluid motions appears to
have great potential for monitoring and measuring contaminate flows, fluid
velocities, and blood flow (nnn-surgical, non-destructive remote measurement
of blood flow velocities in cardiovascular systems). Laser systems along with
the theoretical backup could provide a m- ans of continuously measuring surface
winds on suitable solar bodies, as well as particle concentration and distri-
bution within the Shuttle. Development of specialized laser systems for these
purposes is presently feasible. Continuous multipoint coberent acoustical
systems for non-destructive penetration and measuring of blood flows is not
presently available but the necessary technology is available and appears
promising to perform exploratory and phase A feasibility studies,

P/L REQUIREMENTS BASED ON: [X] PRE-A,K] A, B,O C/D

6. RATIONALLK AND ANALYSIS:

A,C) Non-surgical, non-destructive medical surveillance of the astronauts!
cardiovascular systems, aeraosol behavior within the Shuttle and the
measuring of surface winds on solar bodies with atmospheres and accessi-

bility for implantation of an instrument package are all of high
scientific value and interest.

D) This technology advancement would need a phase A study followed by
design and fabrication. Spin-offs to the private sector for all these

systems could be tremendous in the areas of medical resesrch and
environmental safety.

TO BE CARRIED TO LEVEL T

Ten et e & mw v e
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

———

1. TECHNOLOGY REQUIREMENT(TITLE): Loherent Detection PAGE 2 OF &

[P

7. TECHNOLOGY OPTIONS:

At the present time there appears to be no suitable non-destructive, remote
technique t~ perform the functions outlined in paragraphs 5 and 6.

8. TECHNICAL PROBLEMS:

1. Development of svitable trackers for signal tracking and analyses of laser

systems would be required. (Trackers a.z presently available but would
have to be modified and upgraded).

2. Suppression of surface noise would be required as well as development of
a multichannel receivar for the acoustical system.

Y. POTENTIAL ALTERNATIVES:

There appears to be no suitable alternative io perform the functions described
in paragraphs 5 and 6.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

The development of the above described systems is not presently funded.

Advancement in the state of art will be slow if NASA expends no special
effort in this area.

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

Coherent Lasar Detection Technology

Coherent Acoustical Detection Technology

SR AT T P ,...._.---
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,
- == — = =1

1. TECHNOLOGY REQUIREMENT (TITLE): Cohezent Devection PAGE 3 OF _3

12, TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 751761771 78]79}80{81

82183]84(85/86187]88{89{90}91

TECHNOLOGY
1 .

2,
3.
4,
5.

APPLICATION
1. Design (Ph. C)

2, Devl/Fab (Ph. D)

3. Operations

4.

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

TOTAL

NUMBER OF I AUNCHES

14. REFERENCES:

15. LEVEL OF STATE .= ART

1. BASIC PHENOMENA OBSERVED AND REPORTED.

2. THEORY FORMULATED TO DESCRIBE PHENOMENA,

3. THEORY TELSTED BY PHYSICAL EXPERIMENT
OR MATIIEMATICAL MODEL,

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.C., MATERIAL, COMPOMENT, ETC,

1., Cliff, W. C., Laser and Acoustic Doppler Techniques for the Measurement
of Fluid Velocities, NASA TMX-64932, May 1975.

2. Histand, M. B., Miller, C. W., Mclecd, F. D., Transcutaneous Measurement
of Blood Velocity Profile and Flow, Audiovascular Researxch, Vol. 7, 1573,

3, Cliff, W. C. and Huffaker, R. M., Application of a Single Laser Doppler
System to the measurement of Atmospheric Winds, NASA TMX-64891, Oct. 197{

COMPONFNT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY.

MODEL TESTED IN AIRCRAFT ENVIRONMFENT.

MODEL TESTED IN SPACE ENVIRONMENT,

NEW CAPANILITY DERIVED FROM A MUCH LESSER
OPERATIONAL MODEL.

RELIABLITY UPGRADING OF AN OPERATIONAL MODEL,

LIFETIME EXTENSION OF AN OI'LRATIONAL MODEL,
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DEFINITION O TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE): ___ Superconducting PAGE 1 OF 3_

Instrumentation and Sensgors

2. TECHNOLOGY CATEGORY: _

3. OBJECTIVE/ADVANCEMENT REQUIRED; Dsvelop superconducting quanium
.. s - 5 _— . o

and digital devices; D.C. thru far IR; computer memories; et al.

4. CURRENT STATE OF ART: _Generally as stated . the attached rcview paper

HAS BEEN CARRIED IO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

A wide variety of important sensors, signal gensrators, mixers, digital
devices, computer memory elements, magnetic shields, etc. have been
suggested and many have been carried to the stage of practical application
(e.g. Josephson Junction magnetometers are available commercially). They
emplov the Josephson effects, the properties of bulk superconductors, oi
both and operate with sernsitivites, selectivities, efficiencies, and noise
levels usually much better thar their conventional counterparts. Their
application in advanced scientific flight experiments will be required in

many instances (mission driven) and desirable in others (opportunity driven).

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,(O B,[OJ ¢/D

6« TIONALEF AND ANALYSIS:

T . wieve required performance, many advanced scieatific flight missions,
suc's as gravitational, infrared, and cosmic radiation experiments, will be
dependent on operation at temperatures of a few degrees Kelvin (dimersional

stability, low noise) and on the use of superconductors (low magnetic fields,
high sensitivity measurements, strong magnetic fields). Thus they will carry

liquid helium cooling systems into space.

Consequently, in addition to primary experiment equipment (cryogenic gyro -
scopes, infrared sensors, superconductiny magnets) employing superconductirg

te:hniques {many of which still require considerable development), there will

be an opportunity to utilize secondary electronic systems (communication
devices, compucier memories, and digital circuitry, on-board calibration
standards) using superconductivity. [JASA-OAST should aciively pursue this
development. .

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLCGY REQUIREMENT NO.,
1. TECHNOLOGY REQUIREMENT(TITLE): __ Superconducting PAGE 2 OF 3_
~Insirumentatdon and Sensors

7. TECHNOLOGY OPTIONCL:

For many adsanced scientific missions no aoptions exist at present for primary
sensors, Conventional techniques are often adequste for secondary apparatus.
It will probahly dev=lop that for flight systems in which a liquid helium
environmegnt is available, some secondary superconducting devices will prove
to be s0 superior to conventional ones that their use will be demanded.

8. TECHNICAL PROELEMS:

Research is still in its youth. Many applications of value to NASA have been
demon .trated on a laboratory basis but must be raised to a more mature
application ievel, Others have already been made commercially successful.
Some have only beern suggested, and surely Jany ideas have not yet appeared.

Y. POTLNTIAL ALTERNATIVES:

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

EXPECTED UNPERTURBED LEVEL __

11. RFLATED TFCHNOLOGY REQUIREMENTS:

Liquid helium refrigeraticn systems (closed loop refrigerators ur gpen loop
storage dewars) must be developed fo. space.

pRODUCIBLLITY OF THE
272 ggl’m“ paGh 18 POOR
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

o
—

* 1. TECHNOLOGY REQUIREMENT (TITLE):

Superconducting PAGE 3 OF _3

- Jostrumentation and Sensars

12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 §77{78]79{80(81

82183|84]35]86187188]89{90]91

TECHPNOLOGY
1.

2.
3.
: 4.
: 5.

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)
3. Operations
4.

13. USAGE SCHEDULE:

T
TECHNOLOGY NEED DATE TOTAL
NUMBER OF LAUNCHES
14. REFERENCES:
} 1., Kamper, R. A., "Review of Superconducting Electronics", IEEE Transactions

15. LEVEL OF STATE OF ART

. BASIC PHENOMENA ORSERVED AND REPORTED,

"« THEORY FONMULATED TO DESCR!BE PHENOMENA,

3. THEORY TES...D BY PUYSICAL EXPERIMENT
OR MATHEMATICAL MODF1.,

4. PERTINENT FUNCTION OR CHARACTERISTIC DFEMONSTRATED,
E.G., MATENIAL, CONPONENT, ETC,

on magnetics, Vol. Mag-11, March 1975, pg. 141.

2. Numerous papers on all aspects of applied superconductivity in the above
referenced journal, which is devidted to the proceedings of the 1974
Applied Superconcuctivity Conference.

COMPONE T OR BREADBOARD TESTED IN RELEVANT
FNVIRONMENT IN THE LAPORATORY,

MODEL TESTED IN AIRCRAFT ENVIRONMENT.

MODEL TESTED iN SPATE ENVIRONMENT.

NEW CAPALITY DERIVED FROM A MUCH LESSER
OPERATIONAL MODEL.

RELIARILITY UPGRADING OF AN OPERATIONAL MODEL,

. LIFETIME EXTENSION OF AN OI'LRATION.\l, MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE): _ Plasma Probe PAGE 1 OF 3 _

2. TECHNOLOGY CATEGORY: _Instrument
3. OBJECTIVE/ADVANCEMENT REQUIRED: Measure solar wird plasma parameters

acclrately bevond 8 astronomical units from sun,

4. CURRENT STATE OF ART: Sglar wind plasma wsing current techniques has
——paremeters, particularly heat flow, which are not as well determined as
— de<ired hevond B astronomical units from sun,HAS BEEN CARRIED TO LEVEL

3. DESCRIPTION OF TECHNOLCOGY
Solar wind ions and electrons are energy analyzed to give solar wind plasma

paraneters: speed, flow direction, parallel and perpendicular temperatures,
heat flow, and higher order moments of the velocity distribution.

P/L REQUIREMENTS BASED ON: [X] PRE-A,[J A,[J B,J C¢/D

6. RATIONALIL AND ANALYSIS:

Current plasma probes use electrostatic fields for energy analysis and

a.
electrometers or channel multipliers for detection,

b. To perform more accurate measursments beyond 8 astronomical units from
the sun, new configurations of electrostatic fields and electrometers
or particle detectors, or new methods of erergy analysis and/or particle

detection must be utilized,

TO BE CARRIED TD LEVEL 9
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT(TITLE): _Plasma Probe PAGE 2 OF a_

7. TECHNOLOGY OPTIONS:

A very large instrument, scaled up from those used closer to the sun than 8

astronomical units, could provide larger fluxes of solar wind particles to
the detectors used.

Y
8. TECHNICAL PROBLEMS:

In more general terms than the wording of Item 7 above, the decreased suvlar
wind lux far from the sun must have accurate measurements made of moments

of the velocity distribution with minimal instrument weight, power and special
pointing requirement,

Y. POTENTIAL ALTERNATIVES:

Use of a large, relatively heavy, scaled up instrument.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Instrument development and refinement work.

EXPECTED UNPERTURBED LEVEL g

11. RELATED TECHNOLOGY REQUIREMENTS:

Energy/Velocity/Analysis of Charged Particles
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DEFINITION OF TECINOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE):

Plasma Probe PAGE 3 OF _3

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDUILE ITEM 75176 177|78|79|80]81182{83|84|35{86{87188]|89|90}91
TECHNOLOGY
1. sStudy Concepts of
Instrument —

2. Design Breadboard

i

3, Fabricate Model for _
Test
4.  Laboratory Testing
5.
APPLICATION

1. Design (Ph. C)
2, Devl/Fab (Ph. D)
3. Operations

4.

13, USAGE SCHEDULE:

TECHNOLOGY NEED DATE

T
TOTAL

NUMBER OF LAUNCHES nd el Usurkhe

Pl an ei

14. REFERENCES:

15. LEVEL OF STATE OF ART

1, BASIC PHENOMENA ORSERVED AND REPORTED,
2. THFORY FORMULATED TO DESCK!BFE PHENOMENA,
3. THEORY TESTED BY PHYSICAL EXPERIMENT

OR MATHEMATICAL MODEL,
4

PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, COMNPONENT, ETC,

COMPONFNT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

MODEL TESTEDL IN AIRCRAFT ENVIRONMENT,

MODEL TESTED IN SPACE ENVIRONMENT.

NEW CAPARILITY DERIVED FROM A MUCH LESSER
OPERATIONAL MODEL.

RELIARILITY UPGRADING OF AN OPERATIVONA] MODEL,

. LIFETIME EXTENSION QF AN OJ'LRATION.A!. MODEL.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE): __Airborne Detector for PAGE 1 OF _3_
Trace Radicagls CLO, OH, O, in the Stratosphere

.y

3. OBJECTIVE/ADVANCEMENT REQUIRED: A_technigue to measurz the minor trace
—xadicals by using laser ipduced resonance fluorescence,

4. CURRENT STATE OF ART: Same successful labhaoratory experiments have
—demopsirated the probability of success,

HAS BEEN CARRIED TO LEVEL 2

5. DESCRIPTION OF TECHNOLOGY

In pollution studies of stratosphere the radicals CLGO, OH, and O occupy a
position of critical importance because the catalytic reactions they partake
in control the ozone radiation shield of the Earth. Measuremerts of O have
been made in the upper stratosphere using resonance lamps and measurements
of Ob and CLO are being attempted in the near future using the same techniques
Initial research effurts on laser-induced resonance fluorescence techniques
in the laboratory are in progress to identify appropriate spectral bands and
prove feasiblity of the approach in the flight envirorment.

P/L REQUIREMENTS BASED ON: [] PRE-A,[J A, B, ¢/D

6. RATIONALE AND ANAILYSIS:
a. The laser is a spectrally pure tunable source of high intensity UV

radiation, ideally suited to producing the resonance fluoreacence
spectra needed to make measurements of minor atmospheric constituents.

bs Interferences from competing resonances from differenct species are
easily avoided because the laser can be tuned.

c. One laser and several photodetectors can be used to detect multiple
species in the same instrument,

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

. I

1. TECHNOLOGY REQUIREMENT(TITLE): Airhorne Detecior PAGE 2 OF a_ ;

7. TECHNOLOGY OPTIONS:

Resonance lamps have been developed for 0 and OH., Efforts to develop a
system using tl.em,

8. TECHNICAL PROBLEMS:

No laser currently exists that is small enough or reliable enough for
aircraft instrumentation.

Y. POTENTIAL ALTERNATIVES:

Using individual sensors with resonance lamps if such can be developed for
the species of interest.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMFENT:

The problem will not be solved without Government supporti because it has
little immediate commercially benei. cial output. NSF and NASA are the most
likely agencies for controlling researchers in industry and academia.

EXPECTED UNPERTURBED LEVEL 3

11. RELATED TECHNOLOGY REQUIREMENTS: ;

Small, reliable pertable tunable laser source for UV radiation.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

b== == = |

1. TECHNOLOGY REQUIREMENT (TITLE): __Airborne Detector ~~ PAGE3OF 3
12. TECHNOLOGY REQUIREM ENTS SCHEDULE;

CALENDAR YEAR
SCHEDULE ITEM 75176 |77]78]79{80/81{82)83]84|35|86|87}88]89}90]91

TECHNOLOGY

1. Analysis

9, DBackground Measure.

3. Laser Development

4, Prototype System De.

5. Flight Development 1

Test

APPLICATION

1. Design (Ph, C) L

2. Devl/Fab (Ph. D) _

3. Operations

4. Improved Systems

13. USAGE SCHEDULE:

: T

TECHNOLOGY NEED DATE 1OTAL

NUMBER OF LAUNCHES

14

15,

REFERENCES:

"Detection of OH in the atmosphere using a Dye l.aser" E. L. Baardses and
R. W. Terbune, Applied Physics Letters, Vol. 21, No. 5, Sept. 1972.

"Measurement of Hydroxyl Concentration in Air Using A Tunable UV Laser Beam"
Charles C. Wang and L. I. Davis, Jr., Physical Review Letters, Vol. 32, No.7,

Feb, 1974,

LEVEL OF STATE OF ART

1. BRASIC PHENOMENA OBSERVED AND REPORTED,

2. THEORY FORMULATED TO DESCR!BE PUENOMENA,

3. THEOY TESTED BY PUYSICAL EXPERIMENT
OR MATIEMATICAL MODFL.,

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, CONPONENT, ETC,

. LIFETIME EXTENSION OF AM OI'LRATIONATL MODEL, _

COMPONFNT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LABORATORY.

MODEL TESTED IN AIRCRAF ENVIRONMENT,

MODEL TESTED (N SPACE ENVIRONMENT,

NEW CAPANLITY DELRIVED FROM A MUCH LEGSER
OPERATIONAL MODEL.

RELIARILITY UPGRADING OF AN OPERATIONAL MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. .

1. TECHNOLOGY REQUIREMENT (TITLE): __IR Detector Silicon = PAGE 1 OF 3 _

Sucf Barrier D {th Small Sensitive Vol (2x2%2)

3. OBJECTIVE/ADVANCEMENT REQUIRED: Prepare silicon surface barrier detect-
or with appro-imately cubical sensitive volure and acceptably low noise and

high resolution. Should be totally depleted.

1. CURRENT STATE OF ART: Silicon surface barrier detectors with si: - ive_.

i ival ime
HAS BEEN CARRIEI TC I LVEL 4

volume of

—will have less noise.

5. DESCRIPTION OF TECHNOLOGY

For simplest e-ergetic trapped particle experiment for probes into nuter
planet atmospheres, an approximately cubical sensitive volume totally de-
pleted silicon surface barrier detector would be required., This sensitive
volume is readily available with lithium drifted silicon detectors which have
been used for many years with such detectors in earth orbit. The outer
planet atmosphere probe will require passive storage in space for at least
two years and the lithium drifted detectors would require biasing during this
time for reliable operation. Biasing would be difficult %o provide in the
probe. The surface barrier detectors would not require biasing;

P/1. REQUIREMENTS BASED ON: [] PRE-A,[J A,id B.O ¢/b

6. RATIONALE AND ANAILYSIS:

The simplest energetic trapped particle experiment for probes into outer
planet atmospheres requires a silicon detector with a large cubical volume}

b. Presently used detectors with these volumes are lithium drifted units.,

For the two year minimum storage time required for outer planet atmosphers
probes, reliable cperation is not expected with unbiased lithium drifted

detectors.

de Surface harrier detectors if made with a totally depleted large sensitive
volume and acceptable nriss and resoclution would be compatible with this

experiment cy outer planet atmosphere prohes.

' THE
PRODUCIBILITY UF
R ONAL PAGS 18 POOR

TO BE CARRIED TO LEVEL §
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

S—————

s,

1. TECHNOLOGY REQUIREMENT(TITLE): Silicon Surfacg BarrierPAGE 2 OF 3
Detoctor with larqe cubical sensitive volume (2x2x2) pm IR Detector

7. TECHNOLOGY OPTIONS:

Use a more complex energetic trapped particle experiment on outer planet
atmosphiere probes.

8. TECHNICAL PROBLEMS:

1. Ircreased weight and power of a more complicated experiment.
2. Means to supply bius voltage for a lithium drifted detector.

Y, POTENTIAL ALTERNATIVES:

No assurance rf correct operation of required size of lithium drifted silicen
detector after more than two years of vnbiased storage.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Nane

EXPECTED UNPERTURBED LEVEL 4

11. RELATED TECHNOI.OGY REQUIREMENTS:

Gensral energetic particle detector technologye.
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DET [NITION OF TEC HNOLOGY REQUlREMENT NO.

1. TEC HNOLOGY REQUIREM ENT (TITLE); gilicon gurface Bar:cierPAGE 30F 3~
: : cad IR petector

a

12. TECHNOLOGY REQ‘UXREMENTS SCHEDULE:

C ALENDAR YEAR
SCHEDULE ITEM 75 mmm 79 @ﬂﬂﬂ E@M @@ﬂ'
TE CHNOLOGY |
|

1. Detector Desiyn
APPLICATION
1. Desigh ®h. O)
2. Devl/ Fab (Ph. D)
3. Operations
4. ‘

13, USAGE SCHEDU LE:

FECHNOLOGY NEED DATE IIIIIIBII Illllll@
A |2

2. Detectolr Fabrication

NUMBER OF LAUNCHES

e m———

14. REFERENCES:

Quter planet atmospheric gntry probe—sys’cem descriptions July, 1975, NASA-

AMES Research Centere

15. LEVEL OF STATE OF ART §. COMPONRENTOT AREADBC’ LESTED I RELEVART
ENVIRONMFNT IN T WORATORY .

1, RaASIC PHENUNENA ORSERLED AND nF PORTED. 8. MODEL TESTED 1N AY a7 L XVIRONMENT.

2. THEOH\' F(‘!L\H'l.o\’l't\) TO LU WRTBE ‘x‘\lliNOMF.NA. 1. MODEL 'n.;s'u_n N SpACY E:\'\’XRU_\'MEN'Y.

3. TEYORY THSIED BY PULSICAL EXPELRIMENT s, NEW CAPARLATY pLIIVED FROM A MUCH LESSER
OR MATHEMATICAL wantt. OPERATIONAL MCOLL:

o, PERTINLNT FUNCTION OR CHARACTERISTC DEMONSTRATED, % RELIARILITY JPGRADING OF AR OPERA IV NAL MODEL:
E.G., MATEIAL, CONPONENT, B 1L 10, LIFETWME LXTENSION OF AN O1LRATION VL MODE L.
282



